MIL-STD-150A
12 May 1959

SUPERSEDING
MIL-STD-150
23 October 1950

MILITARY STANDARD

PHOTOGRAPHIC LENSES

DIRTRIBUTIOR STATERIENT A

!
Bpproved for prblis relemse)
Dizeibution Usiimitod

19980602 132

e

For sale by the Suparintsndent of Documenta, U.S. Government Printing Offles

DTIC QUALITY INSPECTED 4

Washington 25 N C - Prios 40 rante



MIL-STD-150A
12 Moy 1959 a

ARMED FORCES SUPPLY SUPPORT CENTER
WASHINGTON 25, b. C.

Photographic Lenses
MIL-STD-150A

1. This standard has been approved by the Denartment of Defense
and is mandatory for use by the Departments of the Army, the Navy,
and the Air Force, effective 12 May 1959.

2 In accordance with established procedure, the Signal Corps, Bureau
of Aeronautics, and Air Force have been designated as Army-Navy-Air
Force custodians of this standard.

3. Provisions of this standard are the subject of international stand-
ardization agreement. When revision or cancellation of this standard is
proposed, the departmental custodians will inform their respective De-
partmental Standardization Offices so that appropriate action may be
taken respecting the international agreement concerned.

4. Becommended corrections, additions, or deletions should be ad-
dressed to the Standardization Division, Armed Forces Supply Support
Center, Washington 25, D. C.

h




- ?/Z@M/C Phocers)

/ s
PLEASE CHECK THE APPROPRIATE BLOCK BELOW: / f ( e

0w Y9 —0F -
A0t 189§

O

O

O
O
O
O

DoD Directive 5230.24, “Distribution Statements (;Lﬁ‘%“ecﬁni al Doyﬁments:” 18

copies are being forwarded. Indicate whether Statement A, B, C, D, E, F, or X applies.

DISTRIBUTION STATEMENT A:
APPROVED FOR PUBLIC RELEASE: DISTRIBUTION IS UNLIMITED

DISTRIBUTION STATEMENT B:

DISTRIBUTION AUTHORIZED TO U.S. GOVERNMENT AGENCIES
ONLY:; (Indicate Reason and Date). OTHER REQUESTS FOR THIS
DOCUMENT SHALL BE REFERRED TO (Indicate Controlling DoD Office).

DISTRIBUTION STATEMENT C:

P |
oD
-
ol
>
DISTRIBUTION AUTHORIZED TO U.S. GOVERNMENT AGENCIES AND g
o0
P
D
-

THEIR CONTRACTORS; (Indicate Reason and Date). OTHER REQUESTS
FOR THIS DOCUMENT SHALL BE REFERRED TO (Indicate Controlling DoD Office).

DISTRIBUTION STATEMENT D:

DISTRIBUTION AUTHORIZED TO DoD AND U.S. DoD CONTRACTORS

ONLY: (Indicate Reason and Date). OTHER REQUESTS SHALL BE REFERRED TO
(Indicate Controlling DoD Office).

DISTRIBUTION STATEMENT E:

DISTRIBUTION AUTHORIZED TO DoD COMPONENTS ONLY;; (Indicate
Reason and Date). OTHER REQUESTS SHALL BE REFERRED TO (Indicate Controlling DoD Office).

DISTRIBUTION STATEMENT F:

FURTHER DISSEMINATION ONLY AS DIRECTED BY (Indicate Controlling DoD Office and Date) or HIGHER
DoD AUTHORITY.

DISTRIBUTION STATEMENT X:

DISTRIBUTION AUTHORIZED TO U.S. GOVERNMENT AGENCIES
AND PRIVATE INDIVIDUALS OR ENTERPRISES ELIGIBLE TO OBTAIN EXPORT-CONTROLLED
TECHNICAL DATA IN ACCORDANCE WITH DoD DIRECTIVE 5230.25, WITHHOLDING OF

UNCLASSIFIED TECHNICAL DATA FROM PUBLIC DISCLOSURE, 6 Nov 1984 (Indicate date of determination).
CONTROLLING DoD OFFICE IS (Indicate Controlling DoD Office).

This document was previously forwarded to DTIC on (date) and the
AD number is

In accordance with provisions of DoD instructions, the document requested is not supplied because:

It will be published at a later date. (Enter approximate date, if known).

Other. (Give Reason?/{ﬁ[? N /77 / = Swf.b - / S 2) :.4— (¥4 47 S/ﬂi «7@’&/

ar 87, contains seven distribution statements, as

described briefly above. Technical Documents must be asfigned distribution statements.

Print or Type Name

Authorized Signature/Date Telephone Number



MIL-STD-150A

12 May 1959
CONTENTS
Page
L SCOPE reareseneres reeserasenronens 1
1.1 PURPOSE .corveeeesereessemmsssissaasemasesssssssssnssssssssssmssssssssossosasmmmsss sesssmeeseseseess s 1
12 CLASSIFICATION rerreretes sttt tatanna e seeenaeaen 1
Types 0f LeDSes ...cuuereeureerevenneeeeeeseereesesenaon. e tuten et e s nernrennas 1
Type I — Aerial ReCONDAISSANCE .ooeevneeereeeceonecmmecoseesnee oo 1
Type II — Aerial Mapping . ettt e eee e 1
Type III — General PhOtOZTBPRIC «euuuueecrreeeeemmeememosreseeesesesosseo e oeoeoosoeeeeesenn 1
Type IV — Process .... 1
Type V — Motion Picture CAMETS «..uoveeveecmeeeeeeeeeeeeeereeeeseeseeeeeee e 1
Type VI — Enlarger ......... rheseressenrasraeererarsersarsenntesasarasrasennnens 1
TYPE VII cm ProOJECliON weeeereueeeeemeemsesemecsessememesesessssssesoes s eess e emeeeseeee e 1
Type VIII — Photomicrographic o 1
Type IX — Portrait . 1
TYPe X w— VIEWTINART .cvevererereeensemscnssesmseereomemsmssssssesssessessn s ees oeseeesseseseseeseeson 1
TYPE XTI —— CONARISEY wenneeveeeeeeneeecsemenenseeseseressemssssessssososee s esseeoes e eeon 1
TYPE XII —— CODPYING crervreeenereersrermseesnsssmssassessssnsessessssssesnssosen sessssessseses s ssnes 2
Type XIII — MiCrophOOZTAPRIC cevveueecesreereeermsmemeermesessssseesees e sessesessessessssssenes 2
Type XIV — Recording ..... . 2
2. REFERENCED DOCUMENTS ..onutemreeereceoseeeneemsssesssssesssssssssseeseesres e eeseeeeeeeseeseee o 2
2.1 NOT APPLICABLE ...t 2
3. DEFINTTIONS ......oieeremeeeeeeeeessesssssesemssssansseseemsssmssemsssoss e e eeoees s 2
3.1 AXES, POINTS, AND DISTANCES e st eae e et e tenesaeee e aneae s nenans 2
3.1.1 OPUICA] AXIS .ot ee e smmse st ses e eoeeeeeeeo e 2
3.12 AXiS Of best QefiRition ...coccceueereemeemreesesemesaseeescosseeesse e soee e oo 2
3.121 Plane of best definition .. reressmsanbe et teanr et s esebennaeane 2
3.1.2.1.1  Plane of best average definition
OVeT the DICLUTE BTER c.ocorvecueeeerueeeeeeeeecte oo oo 2
8.1.2.1.2  FHeld LIl coeoemreeeseeceeeceeceeecuesesesssessssessmsssesssessesssesesma st oo oo 2
3122 Best principal 0008 .....ocoovoiveuiecereeeceeeeeeeee e 2
8.13 Mechanical AXIS .......cocceuereemreerieeeeeeeeessenee oo eeses oo 3
3.1.31 Flange it ...t 3
8.1.38.2 Plane of the receiver ..........coo..oveoomvcmeeeoeeeeeeeeoeoooooo 3
312381 Focal tilt cooveemeeeereeerean et sanb et et rure s remaee st en s eee e 3
3.14 Equivalent £0cal 1eNZth ...ccooemueeuueeeesusmseemeeeccmeeeeeeeesseeeeeeeeese e 3
3.15 Calibrated focal length ... RO |
8.1.6 Back focal diStanee ..........coooueromoeeieceeecreeeeeoeeeeoeeeeesooeooooo 3
8.1.7 Flange £0Cal QiSLANCE ..uuuecveeecereceeecmmeeemmeemeeeeeeeeeees oo oo oo oeeeoeoeoee oo 3
8.1.8 Front focal diStANnce ....ewmmreerueemsesnee e eeeeeeseeeseseees oo 3
3.1.9 Front vertex back focai distanee ... 3
8.1.10 Telephoto ratio ... ... 4




MIL-STD-150A

12 Moy 1959

Page
s.1.11 Depth of focus and depth of FIEIA -oernnoeoesenersenressesessersrssnsesassasbessissensasesssneatsensnses 4
32 APERTURE AND RELATED QUANTITIES 4
821 Lens Speed 4
322 Aperture ratio 4
323 Effective aperture 4
824 Clear aperture 4
32.5 Relative aperture ... b
8251 {-number - 5
3.2.6 TS T Tl 10 ) R 5
326.1 Area weighted average T-number 5
327 Front OPerating APETLUTE w....eeuecssssssssmssssssessmassstsissmsassesmassssinst fossmmssssisiussssssinss 6
328 Rear Operating BPETLUIE .ooceueicersreemmmmssseesssrsssanrssssess st o et 6
33 CONSTRUCTIONAL FEATURES 6
33.1 OPLICA] SYSLRIN cooveneiemmmmarmesrnemssersmsesssas s eseasssssmisimsss s s e 6
332 Member 6
333 Component 6
3.34 Element 6
835 Front of photographic lens 6
83.6 Back of photographic lens 6
8.3.7 NAME OFf GESIETL wervmsemreesenssrsssessersesmsrssenssassaresssamssrssssssssssmssemsasasimssostisanssassinesesesnss s 6
3.3.8 Telephoto .....coceemrreccnencses 6
3.39 GIASS LIPS cvorrcnecmsecmeessrenesresmasemscasebnsarmsmassasssssss comtmssamiss s sns s SR s 7
34 MECHANICAL AND STRUCTURAL FEATURES . 7
34.1 Cell — q
3.42 Barrel .. 7
3.43 Cone . e eeevesrasaasoseastomseuseatessaneasasasasnese st 7
3.4.4 Lens GIAPRTAEZIN ..ooeureesecmsscrressseemssrescorasssaresassessemsssssmms s samase st am sy o000 7
345 Iris diaphragm control . 1
3.4.6 I T [T 7. [t 7
34.7 Spanner Wrench OPEMINES waceiccumeeirrrsesrsemssessssssemsmmmass e msmsssan sttt e 7
3.5 FIELD OF VIEW oooooetoiemaueerssassesssetasessssssissssassss s oss s sasas s s emss st 20000 7
8.6 OPTICAL CHARACTERISTICS ..oooeneimrmrrmmsmsssemassssssasssmussmissssenssessammssesenss st e 7
3.6.1 IINAEE QUAKLY creeuenrcunremsnmsomsssesemresssssess s emssasen st 000200000 7
362 RESOIVINE POWET cuveeveeesnmssisnsscrsemssssssssasssssssassomsssasstss s s st an s om0 8
86.2.1 PhotOZTRPhIC TESOIVINE POWET .ocunermiemssseeesserssssmmmmmsssessssrussissasssss s ssss st 8
3622 ViSUR] FESOIVINE POWET eeceemniommerermsoncasessstsmmsmmammt st sttt 8
3623 Projected photographic TeSOIVINE POWET ceeuueremmunsuseseimmmsssimmmmassss e 9
3624 Projected Visual TeSOIVINE POWET w...rrruummreummmssiommmmssstmmmasermsissssmssscmsssisrsimeses et 9
8.6.25 Area weighted average TeSOIULION ......cowuereccuemmimmesimmmstisssasss s e 9
363 Astigmatism and curvature of FIEIA orooveeeseeneceossermaeesnesnoscssstnsnsasssmanntstsssansesisses 9
8.6.4 COTOT COTTEELION ..courvucmseresesscussseerssrsssecsssmm st am s SR im0 10
864.1 Longitudinal chromatic 8DerTAtION w.eoeerucerecsmecessmminesssisssenmss st semasssa e 10
8.6.5 MAETIAICALION ..ovvoeeesccusenmscorssrssssessssmsesmse ot ams S e R0 s 10
8.6.5.1 PAraxial MAEMIACALION .overveerersssreremensmscasscssassns i s 10

iv




MIL-STD-150A

12 May 1959
Page
8.6.5.2 Calibrated magnification ....cceceessreccneneee. rrvesonensensinree 11
3.6.6 Distortion ....... . 11
8.6.6.1 RAGIA] GISLOTLION <vocrverurenreseesenmsssmmsssarsassrsnesmasssssecssss rssssmnstsisassasesss sessasssemsessanssssss 11
8.6.6.2 Tangential diStOrtION ..-eeoeeremsesscsmmsesesssescssusensniisiianass 11
3.6.6.3 Errors of centration - reveesamssssebsesasenssneennnasesteers 12
3.6.6.4 Principal point of autocOMIMAtion w.eivimeeeeeees e cemscssmsennr s e sanaasen s 12
8.6.6.5 PLISIN EITECL cnvvevereemesssesesssreessssssessassssrsressssastssasnsscassssusnsonsanrasanessassacsssesoessssmmssstssss 12
3.6.7 Relative illumination teeeseesmessessssusserseastesteetssteran 12
3.6.7.1 AAT 37711 SRR . 12
3.6.7.2 Cost law . 13
9.6.7.2.1 Illuminance distribution ....cceceeeeneene. .. 13
8.6.7.22  Variation 0f CO3* JaW .ccceecnmserermrmmnnsnesesssimninitimtsiinnsscocaeasssasin st s 18
3.6.7.3 Beam 8ections ..occeeecreeececcivnssssc—nnnae e tevsstesasatsooansanenasreasssssbnistar et e rarasasast 13
8.6.74 Obliquity angles .......cceeerencecrsenencenn. eresssevessvsvaseesanirenas . 14
368 Transmittance veessmsssassessssamassastsssmssavasesnet 14
3.68.1 Color cONtIADULION .ocevecrevreneceeaseasemreseresarssnsassssenssemennssesses teecvssesssbrrenesesntene 14
3.69 Spherical aberration eeeeremeessesonmseesranes 14
8.6.9.1 Focal shift - rremesenaenretettrrenanssstneranraseies 14
8.6.9.1L1 Position of greatest cONCENtTALION .oceereniiirimmsenntisnseimmset et ncn e 4
3.6.9.1.2  Haze POSILION coveveveceeemreerivennneene s ssrsreressannsnsanse e .. 15
8.6.10 VEIHNE ZIATE oooecereerereeesmenonesicssseasiasses st rssrassasssesesennsssassmsasssstmsass st s esseas s ene e 15
3.6.11 Condenser ChAractertiStiCs .....ccoecesesseemmsmrssecssssssmosumarsonsnessnesessenmsesnnsunassaasess 15
3.7 MISCELLANEOUS FEATURES .cooocceitrnmmnne ssnmnss e s riscsse s sranane s senenes 15
3.7.1 Performance designation .......ccceccsaceneeee reeesevssaneseemenorbeesoen enreasetssessansanaaases 1
3.7.11 ACHIOMAL oreieoeeeieeeeeeeeeeeseseseessssssmsmareseenss ssssbesssssomensst st osssmarasassas tase cassshmastsss st nns 15
3.7.12 ADASEIZINIAL  coereeeeraressersssosessssssssaasssessstsssaessas o or e s e e 15
3.7.13 ADOCKTOMEL . covuueuerursessssesarnsssrnsmasstsssssssossrsusssssssssss s st im0 15
8.72 Reflection reducing COALINES .ccorvueeemerrnescrscssrmmarnienasanssests s sueon o 16
8.7.8 ENVIrONMENLal TANEZE ...v.oeeeremereevarsriesserssmstanesssss st mssnassssss s st s 16
8.74 OPHICA] IBSS evvreeremuenaemssrernsrsssessassasstass e as st e 0TS0 16
3.74.1 Refractive indeX ......oocvceeccesmenrrensenes reresrerensssnernennee 10
8.74.2 DASPETSION wooocecmscecrrrcnsremnrssmsssssssassanssrassssasscrs semsssess reenueemeerae rneeesreaserenaeates 16
87421 Dispersive power ... eeeesneasesserammmameesnuneessanessanssaretseresen Snt 16
87.422  Abbe v number .............. . e avessessesessessaseastesrseetisnrrassossasnertessate 16
3.743 DOUDIE TETACLION ... ceecrereeeernescssssssassasserssensessasssasesmsntsmmmsnsatssessstosessnasnssassssnsioss 16
3744 Chemical durability of glass .........cceeere . reesesusesensassssassassaneuraas s bR b eabes b bavs R n e e 16
8.1.5 Internal surfaces .......... resereressenesaneenene 16
38 BEAUTY DEFECTS .ooeieveieresereescstssrsssssssssssssisssemsssran. cocbmsenssssasssss st s 16
38.1 MALETIAE GEIECES .onoerereeeeeees ermrsseseenresseeiense s st e e sa s sa s s e 17
3.8.1.1 Bubbles e vvtatstesesttetate et es e easRs RS e R eSSy an st e 17
38.1.1.1 T, L RO T L e 17
3.8.12 0 Ve < SOOI RRRrosve s SR B R R R 17
38.13 FRANEES oo oo e o e e e e 17
38.14 L IR g ) L R S 17




MIL-STD-150A

12 May 1959 r
Page

3.8.15 Milkiness 17
38.1.6 Stones ..... 17
3.8.1.7 Strain 17
38.18 Striae ...... . . . 17
8.8.181 Reams .. 17
38.182 Cords rereressssssessesatsbietrasasenRasre b eSS e S sesnanasesessebaeebas 17
8.82 Menufacturing defects 17
3.821 Blisters 17
3.822 Burns .- - 17
3.8.22 CeIDENt BEAYES ..ooceererrenirorsccsssessosnssssasesesmonsesssnsensssensssssessensansassonsseses sassssssensnes: <samess 17
8.828.1 Run-ins . 17
8.8.24 Chips rressessaanssusasseneen 17
88.25 Cracks SNSRI ¥ {
8.8.2.6 ) 037 T, recessessessebenstestesbesetsaanantensenssesenesastnrensnasses s tas O
8826.1 Dirt holes . —
8.8.2.7 Dirt - 17
3828 Grayness ..... I ¥ {
3.829 Mold marks ' ereneee 17
3.8.2.10 OTANEZE PLEL ...eoreecreererccanssnssenssersesosossaresamersssrastasnsssemssensossassasst i essanne surmeasrassessnrass 17
3.8211 Poor polish S e 17
3.8.2.12 Scratches reretenans 18
8.82.18 Smears, scum, Water SPots, €. cveivnnienireen st . 18
8.8.2.14 SEAID cuveeieeeeeereesenessrersomososseseseasssasssesamsesasaesnssststasassesssamnsassesarssnsentstasasnassens sassssssrnes 18
4. GENERAL REQUIREMENTS ....ooooceieererereeensiseesnscssessesismssnsssssssassssarsnssssnaserassasoes 18
4.1 M ARKINGS  eeeeerecierecsassassmessessasssass-ssssanerstessmssnsssastessssass sssossassass ornerasassossnsasessnrases 18
411 LONS MATKATIES ceouveceecereesreseresmesenesssssese mmsescesisessansasmrsssssssansasstassnsienssasasnasassssssses 18
412 Cell marking teeerenirneetaneetersnere e aeane 18
413 MAXIMUIN BPETEUTE ...coooeveeeiceeeremenseeeseesesisseesssmusasiaissessassiensssssesssssrnansssssasasmscsnsaes 18
4138 o TIUITIDOY ...eeeeeereeieeeesaseccssssssssoasnssetsesassssncntorsesssstesasossssebssnesnnosssssans svsnssnensanaenasans 18
4.14 Iris diaphragm control MAarking ......c.ccocoieririesiimerrnsse st saseasssasasens 18
4141 FUN SEOD coeeeieerciecrestnacssnermeinssessessnntesnneass cmessnisnassonassnsasnsnsensssosns treveresssnenressessanes 18
4.1.4.2 Maximum APerture VAIUE .......ccocciceiorcntimirnneicsssssiassisse s s onssasssrsassescess 18
4143 Fractionf] StOP VAINES ....cccecieccerereccriinrrcnene st secne sttt e e s sae e sossansearains 18
4144 Tolerance of marking ..... reeeesesssmesseasasestsseeesetesateres et s renas ensenraraasnteast 19
1.15 FOCRY JENELN .ocveevceerenereennniceneseresesnesssnsssosesossossssnonsstsssssssessasssssssnss sonersasasassassssssnss 19
4158 Accuracy of fOCUSING SCAIES .......coevecieceiimreennesrres s b s stsssssaseeeesarsasaees 19
5. DETAIL REQUIREMENTS ....oooooiicrreemicsecesrarsiessssrsensnnssmsssmssssss ot ssnsanassnasssassss 19
6.1 METHODS OF TEST AND MEASUREMENT ..o cnccnvennssaneniesssnesess 19
511 TESt EPPATALUS ...e.veecrrecurunereaseressssssmierassessrssassssnsstussyass st smsias st sh s asastsnsnstesss snsass 19
5.1.11 COMIMIALOL o.ceeoeeeeeeeeeeesesessesssse s tessesmsssasssnsssesnsasenss sanssntonsat sasmssanssessatvarsermsasatesansontons 19
5.1.1.2 Optical bench and NOGAT B1IAE ..cccioirreriiremecicer e s 19
5.113 Infinity OO OURUUP PP - L
5.1.14 WWHIEE HERE woeeeeroeeceeeecsseeseareesessesserem s s sesesa st nte, cosessec s bbb 20




6.1.14.1
5.1.15
6.L1.6
5.1.L7
5.1.1.7.1
5.1.1.72
5.1.1.7.8
5.1.2
51.2.1
5.12.2
5.1.2.2.1
512.21.1
5.1.2.2.2
5.1.2.3
5.1.2.4
5.125
5.1.2.6
5.1.2.7
5.1.2.8
5.12.9
5.1.2.9.1
5.1.2.9.2
5.12.10
5.1.2.10.1
5.1.2.102
512.11
5.1.2.11.1
5.1.2.11.2
5.12.11.3
5.12.114
5.12.114.1
5.1.2.114.2
5.1.2.11.4.3
5.12.114.4
5.1.2.11.4.5
5.12.12
6.1.2.12.1
5.12.12.1.1
5121212
5.1.2.12.2
6.1.2.12.8
5.12.12.4
5.1.2.18
5.1.2.18.1
5.1.2.182
51214

MIL-STD-150A

12 May 1959
Pags
Flash discharge lamps .... eresretmsastiesssessrressranass Re asser s rebr st et e e nreen sasmsa sesesnmen 20
Photographic plates and film 20
Test conditions 20
Resolving power target 20
High Contrast tATZEt ..ccecsinccccianecmisenmeseereressessssemmesersssssensossrssassassiosssssenas 21
Medittin CONLIASE LATFEL covcervneeeeeessenscorcsssarennnecsonssnnrisssnsssearssssarasssoscsssesonsssasnsosans 21
LoW CONEIast LATZEL ...neeeereeiirinriicnsiosseorannnsessarenserassnnerossrmsenssssassannnssessssssssosesseanns 21
TR IIELROAS eveevenereseeeeeeeeesseresesessssesssssssssssssssassssmssnssnessassssseseseeas. st eseasssssessesssssssss 21
Plane Of DeSt QefINILION weoeveemiereccrerasrecssessesasesesenesssorsssonesssssarsenmensaas osst serssssessassnsns 21
Equivalent f0Cal 1EDZEh .ucceceevereerrcmmsesserencecrnesssesceesnsues sonemssrasasanas remsnsrmssassesassessas 21
Method 1 — Photographic Method ..cewceeceneriecesnmenaersscsenesssnneenssssssnscsssmsnasessenes 21
Method 1A — Combination Method ..ceceeerervrenreeeoremesersnsessnmeressersesmsorannsesasnens 22
Method —Nodal 8lide MELhOA ceeeeoceereeeeerreerrerrersanessessssresssesessassmsrsnssssmsamersasens 22
Calibrated focal JEngth ...ccecererenceerccescrerreniranecsnesncsssnsressone . covene 22
Back £OCAl QISLANCE ...ccoceercerererreenrsrcsencescssnasecssessssrsmmssersorsssrssssssansssrensssssssassasnsarass 22
Flange focal distance 22
Front focal distance 22
Front vertex back focal distance 23
ADEITUTE TALIO .coceeevrereccereneirecssceearesstesssssorscsssnsarsmssansssensasmasssssses SHs8 T s esessnnanssnans 23
Effective aperture 23
Method 3 — Microscope method .....cccovecrecroncrnssecsossascnsmisasenseses 23
Method 4 — Point source Method —....ceeeeceececeecrecrreeentereee e tee e romsnsessenssne veaoes 23
T-number and transmittance 24
Method 5 — Extended s0urce method ..cvccreeencrnecercssseneseencisssssesemsorieesnninens 24
Hethod 6 —_— Cﬁllimah')r methﬁ(r ....................... 24
Relative IHUMINALION ...ccceerceveemrerererccsssssnssessosseessrssssanssesnemsrerssssassstessssssasssnsrssneas 25
Method 7 — Extendeqd 80urce MetRod cu..eeeeececcreceeeersnrescmseecasmensessseresssssmsanssssanss 25
Method 8 — Collimator methogd .........cceevererenrremrrerenerssesreesesaninaressestissmessseesesas 25
Method 9 — Densitometric Method ....cceececceceercreceseniricecsennnenraressessecssenssessacses 25
Method 10 — Indirect computation Method ...ceeeeeeerieeniemeenecsereescssessesssscennen. 26
Distortionless lens with object at INfinity ..cccoevervcriioce e, 26
Distortionless lens with finite object AIStANCE .......covimveeeremeene e ereresstsieninenas 26
Distorting lens with object at infinity reesessessansessateesrsanterasanssrasen 26
Distorting lens with finite object Qistance ...........ocoiemiireeeeecoresnriccencennns 26
MODOCENLTIC JEIS cnrereeeeeeeeeeceneeeessssossossssssssssonsssmsonsnsesnnsssessesensnee ssssas s eesssstnsssnsrassens 27
REBOIVIIIZ POWET ...oeeenceemerccieecaenerneniereensssanssessesmassessssnsseanseseees o oo saotmsssnesssanes 27
Photographic reSolving POWET e evecrremercreeesaeresnnnenssasansesa ooessesessescasasanans 27
Method 11 — Collimator method ......civeveeeeeee et oreseressnseneniee 27
Method 12 — Target range MEthod .........c.coceveeeceneensnsesnrssssanammensn st ernssesssanvanesas 28
Method 13 — Visual TeSOIVINE POWEL .....cccvernrronscirirenrmrrsenansieererssreisssassacssasnanas 28
Method 14 — Projected photographic resolving power ............ccoerecrmeerevrecaee 2¢
Method 15 — Projected visual resolving power 29
Astigmatism and curvature of fIEld ......o.ocooveeeee vt ene e e 29
Method 16 — Resolving power target method ........cooeeevevereerceecereeenreeenens 29
Meth2 1T — Nodal slide MELhod ....ovoveeeiierieceeeeeee vt cenrene et seseesens 30
L0107 COTTELHIOD woorieneereerececreeecenreessscseesssssnsaneesraee s seasessansnensasasassosnrasansensansas 30
vii




MIL-STD-150A
12 May 1959

6.1.2.14.1

5.1.2.14.1.

5.12.14.1
5.1.2.14.2

5.1.2.14.2.

2 Method 19 — Nodal slide method

Longitudinal chromatic aberration
1 Method 18 — Photographic method

Latera] chromatic 8DerTRLION .......ccemrmeeesrsmesmencsicarmssiensncesnssmasacsne
1 Method 20 — Photographic method ..c.ccececerisemermacecccssnanse

5.1.2.14.2.2 Method 21 — Nodal slide method ..ccewereemrmmessearensesenenssnssemmsentteassenascmsonssmasens:

5.12.15
5.1.2.15.1

5.12.15.1.

5.1.2.15.1
5.1.2.15.2
5.1.2.16
5.1.2.16.1
5.12.16.2
5.1.2.16.3
5.1.2.16.4
5.12.16.5
5.1.2.16.6
5.1.2.16.7
5.1.2.17
51.2.18
5.12.18.1
5.12.18.2
5.12.19
5.1.2.19.1
5.1.2.19.2
5.1.2.193
5.1.2.20
5.1.2.21
5.1.2.22

A

9 Method 28 — Visual method

MAETIAICALION 1.ocemencicnrreemmmsessrssemsssnsssmssisascssmmsrsssmssesmmmesassetumaseresssss
Paraxial magnification rereeeeesessavenens
1 Method 22 — Photographic Method e..ceeeemscusemsemensamassrsesmsremssemmmsesenmsmsesisssss

Method 24 — Calibrated MAEMIAICALION cuvueceemerucmsmmsmaanensnsseresemsensomeasesssasmeneesss
DASEOTEION wunoeremmeeesusnsemensenssasassssssss srssasessassses cmmmsonsssbssvsmsmasas et e ERsSans s et om0 000
Method 25 — Target range method TE——
Method 26 — Collimator bank method .
Method 27 — Single collimator photographic method
Method 28 — Nodal slide MEthO .oemeeecersemmiemmosorsssemeresmerasesas eens st
Method 9 — GONIOMeEter MEHNO w.eeeevemecscmmsrsmurssrsemsssassasssssamemases 1200 20000
Method 30 — Projection method .
Tangential distortion ST vener
T T ST e .
Spherical aberration teroresesessssevesrananessessaranseeebastasaae
Method 81 — Annular ring or Hartmann disk MELhOQ ..ooeeccerasmerneremnssearsnase
Method 32 — Stopped-aperture Method ...cceerecoemmeesseosmssmmmrmrmemsmemmemmnres
N 1 s T ———
Method 33 — Photographic black spot TNELROA coneeoooeeaesnececrsnssasesnnamssessasseesess
Method 34 — Photographic black Strip Method .....cooeeeremrunsess seemmemeserem ™
Method 85 — Photoelectric MEthOG .....cocivurremsessmsmsmnusssosmenmenassesesasios et
Condenser perfOrmMance .......cesoveereses rermesarnasasersens

BEAULY GETECES ..oouveveueerenrrrassseessssessessesrnsssseassssss s ommmsstessams e cnssse s

CentrAtiON ....cccerecesrasminessarmrasnssesassarmonssnsssassssnnes —

PPENDIX ...

10. REFERENCE MATERIAL ..oovriiiissiatnmsssessin s s senss s smste s e oo oot

10.1
10.2
103
10.4

CGENERAL  ocoeeerreescecesemsasensissscsssersansesssasssnsasnsessnaces .

LENS MOUNTING, AND OTHER REQUIREMENTS .
ORDERING DATA REFERENCE LIST ..
REFERENCES  ...coooocersrssessesessessessesesssasssssssassssssssssastar st st sssssons St s san s s sioss

INDEX  oooescoeosemssmmsasssssssemssssssnsssssssssesssrsstas sssomssassss s ai 280t s s st S

Vil




@

Figure

mqmmhww

Table
I

II

MIL<STD-150A

12 Moy 1959
FIGURES
Page
Astigmatic Difference ......cece.. o eessessssssssesetbSsSRSRRSRRsssEL RS AS R S s e 10
Longitudinal Chromatic Aberration .... 10
Lateral Chromatic ADErration weessssesssrusssssemmaremenmssemeasereeestss 10
IDASEOTEION +eensenrsmsseessensneomsnsssssssssessseassssamastassenssasasaasssssmmss s s en T 11
Relative THIMANALION ceucuecemmrmssesesssrmsarsnsssemsssesssssusmssssses s ssssssomm s s e 12
Spherical ADEITALION  <oovueensoreansmsenssssmessasmmssassssrsamassesans s asess o007 2SS 14
Standard Resolving Power Test Target Element ....cccoceee eesnennninesnnes 21
Projected Resolving Power TSt PIALE wveuerereesserersesmssssnsisssesssssmsssrsssnsssmussessmssensesseenss 29
TABLES
Nurnerical Apertures and Their Corresponding f-NUMDErS ..c..cooeeeecsasaememseneensees 20
Photosensitive Materials and Thoir PrOCESSING wereeressesrmsesrmmssssmssassiimssssssassssessssss 28

ix



1. SCOPE

1.1 PURPOSE. This standard is issued for
the purpose of establishing uniform defini-
tions, nomenclature, classification of defects,
methods of testing, and measurements per-
taining to the field of photographic lenses.
An appendix, containing nonmandatory ref-
erence material, is provided for use in the
preparation of specifications and other pro-
curement documents.

1.2 CLASSIFICATION. This standard
covers photographic lenses typed according
to their use. The keywords are italicized for
convenient reference.

1 Aerial Recomnaissance. A type I
lens shall be suitable for use in
aerial reconnaissance. It will be
used at or near infinity focus and
usually will have low distortion and
a flat field.

II Aerial Mapping. A type II lens
shall be suitable for use in accurate
aerial mapping. It will be used at
or near infinity focus and usually
will have a fiat field. The distortion
characteristics in this type of lens
are usually designated and con-
trolled within precise limits.

II1 General Photographic. A type Il
lens shall be suitable for use in
view camera and hand-held still
cameras. It will be used to photo-
graph both near and distant ob-
jects.

IV Process. A type TV lens shall be
suitable for use in photolithogra-
phy, process work, and precise re-
production from flat copy. It will
be used at or near unity magnifica-
tion. In this type of lens, lateral
and longitudinal chromatic aber-
ration. secondary spectrum, and
distortion are corrected to a high
degree.

v

VI

vII

VIII

IX

X1
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Motion Picture Camera. A type V
lens shall be suitable for use in
motion picture cameras. It will be
used to photograph both near and
distant objects. A type V lens dif-
fers from a type III lens in that it
usually is of shorter focal length
and smaller field of view.

Enlarger. A type VI lens shall be
suitable for use in photographic en-
largers. It will be used at finite
magnifications, will usually have
low color aberrations, and in cer-
tain applications distortion charac-
teristics will be designated and con-
trolled within precise limits.

Projection. A type VII lens shall be
suitable for use as an objective lens
in motion picture, film strip,
opaque, slide, and overhead pro-
jectors. It will be used at finite
magnification and will have a fiat
field. This type of lens usually dif-
fers from a type VI lens in that it
ig faster, covers a smaller field of
view, and has less correction of
aberrations.

Photomicrographic. A type VIII
lens shall be suitable for use in
photomicrography. It will be used
with the object at the shorter con-
jugate.

Portrait. A type IX lens shall be
suitable for use in portrait photo-
graphy. It will be used to photo-
graph both near and distant ob-
jects. It usually differs from a type
IIT lens in having less correction of
aberrations.

Viewfinder. A type X lenz chall be
suitable for use in viewfinders.

Condenser. A type X1 lens shall be
suitable for use in condensers. It
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will be used for the collection and
distribution of radiation in projec-
tion and enlarging systems .

XII Copying. A type XII lens shall be
suitable for use in reproduction
from flat copy. It will be used at or
near unity magnification. It usually
differs from-a type IV lens in that
it has greater lens speed and less
correction of aberrations.

XII1 Microphotographic. A type XIII

lens shall be suitable for use in
microfilming and microcopying. It
usually will be used at magnifica-
tions between 0.1 and 0.024.

XIV Recording. A type XIV lens shall
be suitable for use in recording in-
struments or fluorescent screen
presentation. It will be used at a
finite magnification and generally
will be of a special design to meet
the specific requirements.

2. REFERENCED DOCUMENTS

2.1 NOT APPLICABLE.

3. DEFINITIONS

3.1 AXES, POINTS, AND DISTANCES.

3.1.1 Optical azis. The optical axis of 2
perfect lens or lens combination is that con-
tinuous straight line in space which passes
through all of the centers of curvature of
the various spherical optical surfaces, coin-
cides with the axes of rotational symmetry
of nonspherical surfaces and is perpendicular
to flat surfaces.

3.1.2 Axis of best definition. The axis of
best definition of a lens is that line in which
is perpendicular to the plane of best defini-
tion and passes through the principal focus.

3.1.2.1 Plane of best definition. The plane
of best definition is that plane in the image
space which contains those images repre-
senting a compromise of quality selected as
best for the purpose for which the lens is
intended.

21211 Plane of best average definition
over the picture area. The position of focus
giving the highest area weighted average
resolution (AWAR) will be first considered
as the position of best average definition

over the picture area, or BADOPA. In case
the resolving power for the axial image
point is less than the AWAR, the position of
focus at which the axial resolving power
equals the AWAR will be considered the
position of BADOPA.

3.1.2.1.2 Field tilt. A lens field tilt when its
best image plane is tilted with respect to the
mounting shoulder for the lens. This effect
is usually caused by slight amounts of de-
centering or tilt in or within a member of
an optical system. Field tilt results in a lack
of symmetry of resclution in the field of the
lens about the axis. Usually the points of
greatest asymmetry lie along & diagonal of
the picture format. The limits for field tilt
may be specified in terms of maximum focus
difference between the two positions of best
focus at a specified angle during the diagonal
exhibiting the greatest asymmetry.

3.1.2.2 Best principal focus. The best prin-
cipal focus of a Jens is the point of intersec-
tion of the lens axis with the plane of best
definition from an incident beam of parallel
light perpendicular to this plane.

~




31.2.2.1 When a lens is supplied in cells,
without barrel or shutter, the locating sur-
face of the lens mount is defined as the seat~
ing surface of the rear cell.

3.1.3 Mechanical azis. The mechanical axis
of a lens is that continuous straight line in
space perpendicular to the plane of the flange
or locating surface of the lens mount and
passing through the center of symmetry of
the flange or locating surface.

3.1.3.1 Flange tilt. The flange tilt of a lens
is the angle between the optical axis and the
mechanical axis.

3.1.3.2 Plane of the receiver. The plane of
the receiver is that plane in the image space
in which the receiver or the film in a camera
is Jocated.

31.3.2.1 Focal tilt. The focal tilt is the
angle between the plane of best definition
and the plane of the receiver due to the me-
chanical structure between the lems flange
and the receiver. It is not a true characteris-
tic of the lens alone.

3.1.4 Equivalent focal length. The equiva-
lent focal length, or EFL, often referred to
more simplyv as the focal length, determines
the scale of the image produced by the lens.
When a given object is at an infinite distance,
images produced by distortionless lenses of
the same equivalent focal length will be equal
in size, and images produced by lenses of dif-
ferent equivalent focal lengths will vary in
size directly as the respective equivalent
focal lengths. The equivalent focal length is
defined by the equation:

7’
EFL =
tan B
-1 Amerirer Standerd Wethod of Deslenating and Mensvring

Focal Lengthe snd Focal Distances of Pholograpblc Lensss.
721 . TWR
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where 7’ is the transverse distance from the
principal focus to the center of the image in
the image-space focal plane of an infinitely
distant object point which lies in 2 direction
making an angle 8 with the optical axis. The
equivalent focal length shall be measured in
accordance with 5.1.2.2.

3.1.5 Calibrated focal length* The cali-
brated focal length, or CFL, is defined as an
adjusted value of the equivalent focal length
of a lens mounted in a camera or cone, SO
chosen as to distribute the distortion in the
manner best suited to conditions under which
the photograph is to be employed. The cali-
brated focal length shall be determined in
accordance with 5.1.2.3. The calibration con-
ditions shall be covered by the detailed spe-
cification.

3.1.6 Back focal distance. The back focal
distance, or BF, is defined as the distance
measured from the vertex of the back sur-
face of the lens to the plane of best definition.
The back foca! distance shall be measured in
accordance with 5.1.24.

3.1.7 Flange focal distance. The flange focal
distance, or FD, is defined as the minimum
distance from the center of symmetry of the
Jens flange in the plane of the flange to the
plane of best definition. In a perfect Jens, this
distance is measured along the mechanical
axis which coincides with the axis of best
definition. The flange focal distance shall be
measured in accordance with 5.1.2.5.

3.1.8 Front focal distance.? The front focal
distance, or FF, is defined as the distance
measured from the principal focus located
in the front space to the vertex of the front
surface. The front focal distance shall be
measured in accordance with 5.1.2.6.

3.1.9 Front verter back focal distance.* The

3 Ses footnote 1. page 6.
' See footnots 1, page &
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front vertex back focal distance, or FVD, is
defined as the distance measured from the
principal focus in the back space to the ver-
tex of the front surface. The front vertex
back focal distance shall be measured in ac-
cordance with 5.1.2.7.

3.1.10 Telephoto Tatio. The telephoto ratio
is defined as the direct ratio of the equivalent
focal length to the front vertex back focal
distance.

3.1.11 Depth of focus and depth of field.
For every plane in the object space, a photo-
graphic lens produces an image plane of best
definition in the image space. In front of or
behind this plane of best definition is a region
within which the images of the selected ob-
ject plane are of satisfactory quality. The
distance separating the focal planes bond-
ing this region is the depth of focus for the
selected object plane. Similarly, there exists
a region in space within which objects are
imaged with satisfactory quality on a select-
ed image plane. The distance separating the
planes bounding this region is the depth of
ficld. The extent of these regions of satisfac-
tory focus may be defined in terms of a 10
percent reduction of area weighted average
resolution (AWAR) below that obtained at
the best focal position.

3.2 APERTURE AND RELATED QUAN.
TITIES.

3.2.1 Lens speed. Lens speed is that prop-
erty of a lens which affects the image il-
Juminance. Lens speed shall be specified in
terms of the following expressions: aperture
ratio, relative aperture, or T-stop.

3.2.2 Aperture ratio.* The aperture ratio
is the ratio 1:N or the fraction 1/N (writ-
ten in this manner with the first member of
the ratio, or the numerator of the fraction,
mndlrd Mrthods of Designating end Messuring

Apertures and Related Quantities Pertaining o Photographic
lansns, 738 (.20 — 1948

A

equal to 1) where N is defined by the equa-
tion:
1
N =

2n sin «

In this formula, n is the index of refraction
of the medium in which the image is formed
(approximately 1, if the image is formed in
the air) and a is the angle subtended at the
axial point of the image by the semidiameter
of the exit pupil of the lens at a2 given dia-
phragm setting. If the exit pupil is not cir-
cular, the equivalent circle having the same
area as the actual exit pupil should be used.
Thus, for an objective in air, the aperture
ratio is equal to 2 sin a. If the aperture ratio
is given without qualification, its value is
that corresponding to the largest indicated
diaphragm opening and an infinitely distant
object. If the object is at a finite distance, the
value of the aperture ratio should be qualified
by a statement of the corresponding magnifi-
cation. The aperture ratio is applicable for
the determination of exposure time when
the object is at an infinite or a finite dis-
tance. For any magnification, the exposure
time is inversely proportional to the square
of N. Thus, the aperture ratio is 2 measure
of the image illuminance. (For test procedure
see 5.1.2.8).

3.2.3 Effective aperture® The effective
aperture of a photographic objective for
distant objects, for a given setting of the
diaphragm, is an opening equivalent to a
right section of the largest beam of parallel
light from an axial object point that is trans-
mitted by the lens. It is usually circular, or
approximately so, and is specified by its dia-
meter. If the section is not circular, the effec-
tive diameter shall be the diameter of a circle
having the same equivalent area. (For test
procedure, see 5.1.2.9.)

3.2.4 Clear aperture.® The clear aperture
of each surface in 2 lens system is the maxi-

ettt e
' Ses footnote & pame V.
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mum clear opening of the surface which is
actually used in forming an image in any
part of the field. The mount aperture at each
surface shall be at least as large as the clear
aperture in order that vignetting will not
exceed - the computed value. The clear aper-
ture is usually circular and specified by its
diameter. It is sometimes referred to as the
free aperture.

3.2.5 Relative aperture.® The relative aper-
ture shall be defined as the ratio of the EFL
to the diameter of the effective aperture. The
symbol for relative aperture shall be f/
followed by a numerical value. It is written
as a fraction, for example, /2 signifies that
the diameter of the effective aperture is one-
half the focal length. For an object at an
infinite distance, the denominator of the rela-
tive aperture and the second member, N, of
the aperture ratio are identical, provided the
image is formed in air and the imagery obeys
the sine condition.

3.2.5.1 f-number.® The {-number shall be
defined as the denominator in the expression
for the relative aperture. Thus, if the rela-
tive aperture is £/2, the f-number is 2.

3.2.6 T-stop and T-number.” The T-stop is
referred to as the aperture of a lens cali-
brated photometrically and assigned a T-
number, which is the f-number of a circular
opening in a fictitious lens having 100 per-
cent transmittance, and which gives the same

_central image illuminance as the actual lens

at the specified stop opening. Hence, for a
lens with & circular aperture, the

{-number
T-number = ————ee— (3)

Vi

where t is the transmittance. For a lens wilh
an effective aperture of any shape and area

* Seo fevtnote ¢, page 0.

* Ses footnote 4, page ¢,

! Amarican Standard, Aperturs Calfbrstion of Motion Plcture
Leoses PH22.90 — 1983,
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A, the corresponding formula is:

4 C

T-number = —— —

2 At

The transmittance of the lens shall be defined

as the ratio of the transmitted light flux to

the incident light fiux. The symbol for the

T-stop shall be T followed by a space and a

numerical value — for example, T 2. The

numeral 2 represents the T-number. (For
test procedure, see 5.1.2.10.)

(4)

3.2.6.1 Area weighted average T-number.
The T-number as defined in 3.2.6 is a com-
parative measure of illuminance on the axis
of a lens. Since the illuminance usually varies
over the field, 2 need may exist for determin-
ing T-numbers for off-axial image points and
computing an average T-number. In accord-
ance with the basic photometric relation-
ships involved, the general definition of T
number is given as

1
2

Since, in accordance with this definition,

1
—_— #B = T, E,,
2
E.
T =T \/ (6)
E,

In these expressions, T, is the T-number for
an image point in a zone i, T, is the axial
T-number, B is the object luminance, E, is
the illuminance on the axis, and E, is the
average illuminance for the zone. Compatible
units should be used for quantities B, E,,
and E,. When the illuminance is averaged
over the field, weighting the average by the
area of the circular zone in which the illumi-
nance is determined, and this average is sub-

T-number is called the area weighted aver-
age T-number, or AWAT. For circular zones
which extend bevond the boundaries of the
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picture format, only the area lying within the
format shall be used in determining the
weighting ratios. The equations for comput-
ing AWAT are:

/ A, E,
AWAT = T, \/>—-—— s
S

A
or AWAT = 10 T, / ‘J}_'_ o, (8)
A

in which A is the total area of the picture
format, A, is the area of a particular zone,
and o, is the average relative {lluminance for
that zone expressed in percent.

3.2.7 Front operating eperture. The front
operating aperture is defined as the limiting
aperture at the front of the lens. It will usual-
ly be given as the maximum diameter of the
entrance cone at the front vertex for the spe-
cified field of view at infinity focus.

3.2.8 Rear operating aperture. The rear
operating aperture is defined as the limiting
aperture at the rear of the lens. It will usual-
ly be given as the maximum diameter of the
emergent cone at the rear vertex for the spe-
cified field of view at infinity focus.

3.3 CONSTRUCTIONAL FEATURES.
Pertinent features include details of the con-
struction of the lens. These may relate to the
physical configuration, or arrangement of
the individual elements, to some specified
optical characteristic or to the nomenclature
of the various parts. Constructional features
of photographic lenses are listed with defini-
tions and explanatory data.

3.3.1 Optical system.® The optical system
includes all the parts of & photographic lens
and accessory optical parts which are de-
signed to contribute to the formation of an
image on the photographic emulsion or on a
screen for viewing.

’ Amsrican Standard Nomenclature for Parts of a Fhoto
graphic Lems PH2.25 — 1048

3.3.2 Member® A member of a photo-
graphic lens is a group of parts considered
as an entity because of the proximity of its
parts or because it has a distinct but not al-
ways entirely separate function.

3.3.3 Component.® A component of a photo-
graphic lens is a subdivision of 8 member. It
may consist of two or more parts cemented
together or with mear and approximately
matching surfaces.

3.34 Element® An element of a photo-
graphic lens is a single uncompounded lens,
i.e., & part constructed of a single piece. The
total number of elements is a significant con-
structional feature of 2 lens. :

3.3.5 Front of photographic lens.! The
front of a photographic lens, in general, is
the end carrying the engraving, and usually
facing the longer conjugate. In lens draw-
ings, the front generzally faces left or up. A
notable exception is certain lenses intended
to be used in photomicrography in which the
front of the lens faces the shorter conjugate.

3.3.6 Back of photographic lens.* The back
of a photographic lens, in general, is the end
carrying the mounting thread or other at-
taching means and usually facing the shorter
conjugate.

3.3.7 Name of design. Designs of lenses in
which particular configurations of elements
are employed are often given names. These
names are usually trade names, and the name
ordinarily applied to any particular configu-
ration is usually the trade name of the oldest
design of a particular type such as “Tes-
sar.” In some cases, however, the design
name may not be a trade name but may be
based on some feature of the lens configura-
tion such as “Symmettrical.”

3.3.8 Telephoto. A telephoto lens is defined

* American Standard Nomenclature for Parts of s Phote
graphic Lane PH3I 23 - 1948




as a lens for which the telephoto ratio is
greater than one. (See 8.1.10.)

3:3.9 Glass types. A constructional feature
is the type of optical glass of which each
element is made.

3.4 MECHANICAL AND STRUCTURAL
FEATURES.

341 Cell. A cell is a mechanical structure
hnlding an element, component, or member.

3.4.2 Barrel. A barrel is a mechanical struc-
ture in which the lens is mounted.

3.4.3 Cone. A cone is defined as the me-
chanical structure to which a lens barrel or
shutter, with lens, is attached in order to
bring the image in focus in the film plane of
a specific aerial camera.

3.4.4 Lens diaphragm. A lens diaphragm
is a mechanical device for reducing the ef-
fective aperture of a lens. It may take the
form of an iris or 8 Waterhouse stop. An iris
diaphragm consist of leaves providing an
opening continuously variable in size. A Wa-
terhouse stop is a removable aperture of fix-
ed size which fits in the lens barrel. Water-
house stops are usually provided in a graded
series of apertures.

3.4.5 Iris diaphragm control.? Unless other-
wise specified, when looking at the front of
a lens or remote control knob, a counter-
clockwise rotation of the diaphragm control
shall reduce the aperture or stop the lens
down.

3.4.6 Parfocalized. Lenses mounted in bar-
rels may be specified as parfocalized, i.e., the
flange focal distance may be specified to close
tolerances that would secure an image in
satisfactory focus when the lenses are inter-
changed oh & camera.

* American British-Canadlan Alr Standardizstion Agreement,

Atr Camers Lens Disphragm Retation and Lens Speed Rating
System. ABC AR STD 52/2, § Feb B4.
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3.4.7 Spanner wrench openings. When re-
quired in order to facilitate removal of cells,
elements, components, or members from a
cell or barrel, there shall be two openings
180 degrees apart for application of a span-
ner wrench. Each opening shall either be
circular in shape, or a slot with parallel

-sides.

3.5 FIELD OF VIEW. The field of view of
a lens is a measure of the size of the image
area or conjugate object area which is satis
factorily reproduced. This field may be de-
fined in terms of the maximum size of the
negative or projection material with which
the lens is to be used.’® The angular measure
for field of view is the half angle, which, un-
Jess otherwise specified, is the angle subtend-
ed at the first nodal point by the optical axis
and a straight line to an object point which
is imagped at the extreme corner.of the nega-
tive. For a projected image, the half angle
is the angle subtended at the second nodal
point by the optical axis and a line to the
image point conjugate with the extreme cor-
ner of the projection material. The half
angle is sometimes referred to the side of
the image area and in such cases it shall
always be so specified. The field of view may
also be designated as the total field angle
which is twice the half angle. Coverage is a
Jess precise term for field of view.

3.6 OPTICAL CHARACTERISTICS. Opti-
cal characteristics include all properties of a
lens affecting its optical performances such
as image quality, distortion, transmittance,
image color; and condenser charactertistics.
When specifying optical charactertistics or
individual aberrations, the definitions and
nomenclature set forth herein shall be used.

3.6.1 Image quality. Image quality embrac-

» Format Sixes for Alr Camerma, ABC AIR STD 5271, 8 Feb.

B4. The participants agreed that air camers format sizee shall
ba: 2% by 2% Inches, 4% by l% inches. 9 by 9 Inches. & by 18
Inches, 18 by 18 inches. Format Shes for Grownd Cumerss,
ABO AIR STD 52/8, 15 Mar. 8. Ground eamers format sioen
standardised shall be. 1 by 135 incher (2¢ by 36 millimeters).
23 by 23 Inehes, 3.2 by 2.75 inches.
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es all the properties of a lens affecting the
quality of the image such as resolving power,
aberrations, image defects, and veiling glare.
Aberrations are optical defects inherent in
the lens design. Because of manufacturing
variations, it often happens that the meas-
ured aberrations differ from the computed
aberrations. Image defects are optical de-
fects not inherent in the lens design and re-
sulting entirely from manufacturing and
mounting variations. This standard is pri-
marily concerned with optical performance.
Optical performance can be measured in
terms of resolving power, or specific optical
characteristics.

3.6.2 Resolving power. The resolving power
of a lens is a measure of its ability to image
closely spaced objects 80 that they are recog-
nizable as individual objects. The resolving
power shall be expressed in lines per milli-
meter, usnelly in the short conjugate plane.
Resolving power is measured by photograph-
ing or observing suitable test charts at spe-
cified angular distances from the center of
the field. The test charts shall consist of
groups of parallel straight lines and spaces
of equal width; the resolving power is the
reciprocal of the center-to-center distance
of the lines that are just distinguishable in
the recorded image. By *“just distinguish-
abl2" is meant that the observer is able too
count the correct number of lines in the re-
corded image, over the entire length of the
lines and in the correct orientation, subject
to the provision that no coarser pattern shall
be unresolved. The appearance of resolution
in a finer pattern after failure to resolve a
coarser pattern is an indication of the pres-
ence of spurions resolution. Spurious resolu-
tion is & phenomenon wherein fine lines are
resolved, yet coarse lines are not. For non-
axial points, it is necessary to consider the
orfentation of the lines. For example, the
resolving power for radial lines, or “radial
resolving power” (sometimes called “sagittal

resolving power”), at a given point in the

image plane is the resolving power for close-
ly spaced lines that are parallel and adjacent
to the radius drawn from the center of the
field to the given point. Resolving power for
tangential lines, or ‘tangential resolving
power,” is the resolving power for closely
spaced parallel lines that arc tangent and ad-
jacent to a circle drawn through the given
point whose center lies at the center of the
field. Resolving power may be specified as
minimum acceptable resolving power, Te-
gardless of whether radial or tangential at
specified angles from the optical axis of the
Jens, or it may be specified at both minimum
acceptable radial and minimum acceptable
tangential resolving power at specified angu-
lar distances from the optical axis. The aver-
age resolving power weighted in terms of
the area of the negative, the area weighted
average resolution (AWAR), provides a
single value by which the resolving power
for the entire field may be specified. (See
8.12.11 and 8625.)

8.6.2.1 Photographic resolving power.
Photographic resolving power is used in
specifying and measuring performance of
type 1, I1, T11, TV, V, IX, XII, and XIII lenses
and is the greatest number of lines per milli-
meter recorded photographically as separate
lines. A target pattern is considered resolved
when it meets the conditions described in
3.6.2. Photographic resolving power depends

" markedly on the photographic conditions

employed, and on the presence of back-
ground glare from the illuminated target.
When specifying photographic resolving
power, it is necessary also to specify the
color of light to be used, the type of photo-
sensitive material and processing, the lens
speed at which the test is made, the contrast
of the target, and the magnification or focus
at which-the Jens is tested. (See 5.1.2.12.1)

3.6.2.3 Vieual resolving power. Visual re-
solving power is used in specifying and
measuring of type X lenses, and is defined
as the greatest number of lines per mill-

A




meter in the image of a test target pattern
that are just barely distinguishable as sepa-
rate lines under adequate magnification.
When specifying visual resolving power it is
necessary also to specify the target contrast.
(See 5.1.2.12.2.)

3.6.2.3 Projected photographic resolving
power. Projected photographic resolving
power is used in specifying and measuring
the performance of type VI lenses and is
defined as tue greatest number of lines per
millimeter, in the object plane, that are bare-
ly distinguishable as separate lines when
observing under magnification a photo-
graphically recorded, projected image of 8
suitable test target. (See 5.1.2.12.3.) When
specifying projected photographic resolving
power it is necessary also to specify lens
speed, focus, magnification, type of illumina-
tion, contrast of target, type photosensitive
material and its processing. :

3.6.2.4 Projected visual resolving power.
i Projected visual resclving power is used in
) specifying and measuring the performance
| of type VII lenses and is defined as the
| greatest number of lines per millimeter in
the object plane that are distinguishable as
separate lines in the projected image. When
specifying projected visual resolving power,
it is usually understood to imply a high con-
trast target (dark lines on light back-
ground). (See 5.1.2.124.)

3.6.2.5 Area weighted average resolution.
A single average value for the resolution
over the picture format may be determined
for any given focal plane as the area weight-
ed average resolution, or AWAR. To deter-
mine the AWAR, the picture format is
divided into concentric annular zones whose
boundaries are determined from the angles
which are midway between successive test
angles. For zones which extend beyond the
boundaries of the picture format, only the
area lying within the format shall be used
in determining the weighting ratio. The reso-
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lution obtained at any given test angle is
multiplied by the ratio of the area of the
zone for that angle to the total area of the
picture format. The AWAR is the sum of
these products. To obtain a single value of
the resolution for each test angle, the geo-
metric mean of the tangential and radial
resolutions shall be used. However, the com-
putations may be simplified by the use of an
arithmetic mean whenever the tangential
and radial resolutions differ by less than a
factor of 2 to 1. When more than one meas-
urement is made at any given test angle, an
arithmetic mean shall be determined for the
tangential and another for the radial reso-
Jutions. The area weighted average resolu-
tion is defined as:

= A,

A (9)

where A, is the area of & particular zone, R,
is the average radial resolving power in this
zone (or radial resolving power at the mid-
point of the zone), T, is the average tangen-
tiai resoiving power in the zone {or ihe tan-
gential resolving power at the midpoint
of the zone), and A is the total area of the
picture format, and = is the summation
sign, summating the values

A,

—_— R, T,
A

over all zones in the picture area.

3.6.3 Astigmatism and curvature of field.

In general, a lens possesses two image sur-

faces: one in which lines radial to the optical
axig are best defined and the other in which
lines tangent to circles concentric with the
axis are best defined. Noncoincidence of
these two image surfaces is called astig-
matism, and the separation of the two image
surfaces, meastured parallel to the optieal
axis, is called the astigmatic difference. A
median surface lying between the two is call-
ed the surface of least confusion and the defi-
nition in this image surface is least affected




MIL-STD-150A
12 May 1959

by orientation of the object. None of the sur-
faces is 8 true plane. The departure of the
surface of least confusion from a true plane
is called curvature of field. Resolving power
figures, specified in accordance with 3.62,
will usually be considered as referring to a
flat image and object plane. When curvature
of field is specified, the magnification at
which it is to be measured shall be stated.
(See 5.1.2.13.) Figure 1 is plotted as an ex-
ample of the astigmatic difference.
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3.6.4 Color correction. Color correction is
defined as the reduction of longitudinel and
lateral chromastic aberrations. It may be
specified in terms of the kind of light and
color sensitivity of the photographic mate-
rial to be nsed with the lens, e.g., the lens is
color corrected for use with white light and
panchromatic film of ASA speed 100. The
color correction may be specified in terms of
the Fraunhofer lines in the solar spectrum
that are to be used in the lens calculations,
e.g., C and F correction. The magnification
at which the color correction is accomplished
ghall be desighated. (See 5.1.2.14.)

3.64.1 Lonpitudinal chromatic aberration.
Longitudinal chromatic aberration is defined
as a variation in back focal distance for light
of different colors or wave lengths. It is
specified in terms of this focal change for
lighit of specified colors. (See 6.12.14.1.)
Figure 2 is plotted as an example of longi-
todinal chromatic aberration.

3.6.42 Lateral chromatic aberration. Lute-
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ral chromatic aberration is a yariation in
image scale of a lens for light’of different
colors or wave lengths. When required,
limits on lateral chromatic aberration will
be specified as the radial displacement in
millimeters of the image in the first color
from the imsage of the same point in the
second color. (See §.1.2.14.2)) Figure 8 is
Pplotted as an example of lateral chromatic
aberration.
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3.6.5 Magnification.

3.6.5.1 Parazial magnification. The paraxi-
al magnification, often referred to more
simply as magnification, determines the scale
of the image when the object is at a finite
distance from the lens. The paraxial magni-
fication, or PM, is defined by the following
equation:

’

o, - Y
PM = limit ——
1‘

(10)

y=20
where v is the radial distance from the opti-
cal axis to the image point in the image plane




conjugate with the object plane, and y is the
radial distance in the object plane from the
optical axis to the object point. Unless other-
wise specified, the image plane is defined as
the plane of best photographic imagery for
the axial object point; the image plane may
also be specified as the plane of best defini-
tion. Paraxial magnification shall be meas-
ured in accordance with 5.1.2.15.1.

3.6.5.2 Calibrated magnification. The cali-
brated magnification, or CM, is defined as an
adjusted value of the paraxial magnification
of a lens mounted in an instrument. This
value is so chosen as to distribute the dis-
tortion in the manner best suited to the con-
ditions under which the lens is to be em-
ployed. The calibrated magnification shall be
determined in accordance with 5.1.2.15.2.
The calibration conditions shall be covered
by the detailed specification.

3.6.6 Distortion. These are two kinds of
distortion—radial and tangential. When dis-
tortion is referred to without designation,
radial distortion is implied. In some in-
stances, it may be desirable to specify the
distortion in terms of cartesian coordinates
rather than polar coordinates. Because of the
wider usage of the polar method of specify-
ing distortion, radial and tangential distor-
tion only are defined in this standard. This
does not preclude the specification of dis-
tortion in cartesian coordinates. Small ran-
dom distortions through the field mav be
introduced bv inhomogeneities in the glass
and irrecularities in the surface of the ele-
ments. Figure 4 is plotted as an example of
distortion.

3.6.6.1 Radial distortion. Radial distortion
i1s a radial displacement of image points
from the undistorted position. computed on
the hasis of the equivalent focal length or
calibrated focal length when the object is at
inifinitv. or on the basis of paraxial magni-
fication or calibrated magnification when the
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object is at a finite distance from the lens.
When radial distortion is present, straight
lines in the object space not passing through
the optical axis are reproduced as curved
lines in the image. When the image point is
displaced radially outward from the center
of the image, the distortion is positive (com-
monly called barrel distortion if the absolute
value of the negative distortion is contihu-
ously increasing from the center.) When the
displacement of the image point is toward
the center of the image, the distortion is
negative (commonly called barre! distortion
if the absolute value of the negative distor-
tion is continuously increasing from the
center). The magnitude of the distortion and
its tolerances shall be specified in milli-
meters. It may be specified in terms of the
amount at different field angles, or by means
of a curve, plotted in millimeters against the
field angle. When limits to the tolerated dis-
tortion are specified, they shall be specified
in millimeters and shall apply to any part of
the field for which the lens is corrected.
When specifying distortion, the conditions
under which the lens is used, whether with
parallel light, copying at 1to 1 or 1 to 2, etc.,
shall be specified. (See 5.1.2.16.)

3.6.6.2 Tangential distortion. Tangential
distortion i3 an image defect resulting in the
displacement of image points (from the un-
distorted position) perpendicular to a radius
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from the center of the field. The radius from
which tangential distortion is measured
originates at the principal point of autocolli-
mation and contains the undistorted image
point (the point at which the image would
have fallen if it had hot been distorted).
When tangential distortion is present,
straight lines in the object space which pass
through the axis of best definition are repro-
duced as curved lines in the image. Tangen-
tial distortion is usually specified as 2 maxi-
mum permissible value throughout the field.
(See 5.1.2.16.7.)

3.6.6.3 Errors of centration. Lenses with
spherical surfaces are usually designed to be
8o constructed that the center of curvature
of all the surfaces will lie on a single straight
line termed the optical axis of the lens. If
aspherical surfaces are used, their individual
axes should correspond with the optical axis
of the lens. Failures to comply with these
conditions are termed errors of centration.
Errors of centration cause tangential distor-
tion, prism effect, field tilt, and asymmetric
radial distortion.

3.6.6.4 Principal point of autocollimation.
The principal point of autocollimation is a
term used in measuring distortion and is de-
fined exactly the same as principal focus,
except that the plane of best definition is
assumed to be the actual emulsion plane of
the camera. (See 3.1.2.1.)

3.6.6.5 Prism effect. A lens has *prism
effect” when light from an infinitely distant
object point passing through the rear nodal
point on a line perpendicular to the image
plane of a camera is not imaged at the princi-
pal point of the perspective. The principal
point of the perspective is the point of inter-
section with the focal plane of a perpendicu-
lar dropped from the rear nodel point of the
lens. The princinal point of the perspective
and principal point of autocollimation should
coincide. Decentered lenses behave as if they
consisted of an ideal lens plus a thin prism.

12

The limits on prism effect, when required,
shall be specified in terms of the vertex angle
of the prism (index = L5) which would
give the same result used in combination
with a perfect lens. (See 5.1.2.17.)

3.6.7 Relative illumination. Relative illu-
mination is defined as the ratio of the illu-
minance at the focal plane, for off-axis field
positions, to the illuminance “for the center
of the field. This assumes that the luminance
of the object field, as observed from the lens,
is the same throughout the fleld, or that the
field is a Lambert's law surface. The reduc-
tion in illuminance may be due to such causes
as absorption, cosine variations, and barrel
vignetting. Relative illumination shall be
specified as percent of axial Muminance for
image points at given angular distances. A
curve on which percent of axial illuminance
js plotted against field angle may be used.
For purposes of specification, the following
example is given: At £/6.8 the image illumi-
nance st 45 degrees shall be no less than R
percent, and at 35 degrees no less than 20
percent of the image illuminance on axis.
(See 5.1.2.11.) Figure 5 is plotted as an ex-
ample of relative illumination.
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FicURE 5. Relative Illumingtion

3.6.7.1 Vignetting. Vignetting is the pro-
gressive reduction in the cross-sectional area




of a beam of light passing through a lens as
the obliquity of the beam is increased. It is
due to obstruction of the beam by the various
mechanical apertures, Jens mounts, etc,
within the lens. (The cross-section of the
beam must be taken in a plane perpendicular
to the optical axis of the lens.) Thus the
beam of light from an axial object point
passing through the lens is generally circu-
lar in cross-section, whereas an oblique beam
originating at any extra-axial object point is
generally non-circular in shape due to the
“vignetting” action of the various limiting
apertures within the lems. This restricted
usage of the term “vignetting” must be care-
fully distinguished from jts common mean-
ing, which generally refers to the progres-
sive reduction in image illuminance at in-
creasing obliquity; the popular term thus
combines the two distinct concepts of area
vignetting and the cos* effect. >

3.6.7.2 Cos* law. When light from a uni-
form diffusing source falls on a plane screen
parallel with the source at a distance from
it which is large in comparison with the di-
mensions of the source, the illuminance on
the screen varies approximately as cos* ¢,
where ¢ is the angle between the axis of the
source and the line joining the center of the
source to the screen-point under considera-
tion.

3.6.7.2.1 Iluminance distribution. When
illumihated by an object of uniform lumi-
nance (viewed from the lens) and of a size
sufficient to entirely fill the field of view, a
lens having a circular diaphragm gives,
within the méchanically unvignetted portion
of the field, a distribution of illuminance
which follows the cos* law in terms of the
obliquity angles at the diaphragm provided
that the conditions stated below are satisfied.
A lens with a diaphragm in front gives a
distribution of iTluminance proportional to
cos* ¢ (where ¢ is the obliquity angle in the
object space) if the image is free from dis-
tortion and if the distance from the object

13
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plane to the diaphragm is very large with
respect to the diameter of the diaphragm.
A lens with an internal diaphragm gives a
distribution of illuminance proportional to
cost ¢, (Where ¢, is the obliquity angle in the
diaphragm space) if the component behind
the diaphragm does not contribute to the
image distortion and the aperture is very
small. A lens with a diaphragm behind it
gives a distribution of illuminance propor-
tional to cos' ¢ (where ¢’ is the obliquity
angle in the image space) if the distance
from the diaphragm to the image plane is
very large with respect to the diameter of
the diaphragm. In each case, the distribution
of illuminance exactly corresponds to the
distribution that would be obtained with a
small circular Lambert’s law source placed
at such a distance from the image plane that
the obliquity angles from the center of the
source to the image points are as defined
above.

3.6.7.2.2 Variation of cos* law. Ordinary
optical distortion in the lens will in genera!
have a considerable effect on the distribution
of illuminance across the field when express-
ed as a function of the entering obliquity
angle ¢. Some lenses have been constructed
in which the cos ¢ ¢’ law has been almost
completely nullified by the presence of a
sufficiently large amount of barrel distortion.
Regarded naively, the distortion may be said
to compress the outer part of the image, thus
increasing the illuminance within it.

3.6.7.3 Beam sections. When it is necessary
to compute the light distribution to be anti-
cipated in a new lens design, or when esti-
mating the light distribution from the di-
mensions of a lens without making actual
photometric measurement, it is necessaryv to
determine the section of a light heam as it
enters or leaves the lens, at adopted refe-
rence planes perpendicular *5 the optical axis
of the lens. Convenie~{ reference planes are
the planes defined by the rims of the lens
mounts at the two ends of the lens barrel.
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A light beam from an extra-axial object
point, proceeding through the lens to its
image point, will intersect these two refe-
rence planes in two “beam sections,” gene-
rally non-circular in shape. These sections
can be plotted and the areas measured (see
5.1.2.11.4), or they can be computed if the
lens comstruction is known by tracing &
sufficient number of skew rays.

3.6.7.4 Obliquity angels. For any point of
the reference plane in the object space, ¢ is
the angle between a normal from the front
nodal point to the reference plane and a line
joining that point with the object point.
Similarly, for any point in the reference
plane in the image space, ¢ is the angle be-
tween the normal from the rear nodal point
to the reference plane and a line joining that
point with the image point. The obliquity
angle ¢ is the same for every ray of the
entering oblique paraliel beam.

3.6.8 Transmittance. Lens transmittance is
defined as the ratio of the light flux leaving a
lens to the light flux entering the lens. It is
specified as a percentage. When specifying
percent transmittance and tolerance, the
color of the light incident on the lens should
be specified, and the spectral sensitivity of
the film, when used, should also be specified.
Percent transmittance may also be specified
as spectral transmittance, wherein the trans-
mittance at each wave length is specified.

3.6.8.1 Color contribution. For some uses
the color of the light transmitted by an opti-
cal system is an important consideration.
The color of the optical glass, coatings, inter-
ference films, and filters used determine this
property. The effect that the optical system
has upon spectral characteristics of the lizht
flux entering the system is termed ‘color
contribution.” This property of an optical
system is specified and measured in terms
of conventional spectral transmittance
curves, wherein transmittance in percent is
plotted against wave length in ma.
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3.6.9 Spherical aberration. Spherical aber-
ration is defined as an optical defect in which
rays of light through different narrow annu-
lar zones of the lens (concentric with the
optical axis) from an axial object point do
not come to focus in the same plane. When
required, the kimits on spherical aberration
may be specified as the difference in focal
position for light through an annular zone
of given width and radius and that for light
through the axiai zone of a radius approach-
ing zero. It shall be negative when the focal
distance for the zone of specified radius has
the greater value. It may also be specified by
means of a curve in which the focal diffe-
rence is plotted against zone radius for dif-
ferent zones. When specifying spherical
aberration, the color or wave length of light

nsed and whether measured at infinite or at

finite focus shall be specified. (See 5.1.2.18.)
Figure 6 is plotted as an example of spheri-
cal aberration.
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3.6.9.1 Focal shift. Focal shift caused by
spherical aberration is an important conside-
ration. It may be specified as a change of
focus either for the position of “greatest
concentration’ or for the ‘“hare position’ as
the lens aperture is changed. It may also be
specified as the difference in focus between
these two positions at a given aperture.

3.6.9.1.1 Position of grealest concentra-




®

tion. The “position of greatest concentra-
tion” is defined as the focus position at which
the aerial image, observed under magnmifica-
tion, shows the least amount of spreading.
Very coarse resolution charts make a suit-
able object.

3.6.9.1.2 Haze position. The *“haze posi-
tion" is defined as the focus position at which
is obtained the highest resolution even
though there is considerable light around the
image of the target. Haze position should be
determined with a high contrast target.

3.6.10 Veiling glare. ' Lenses in addition
to focusing light to the image plane may
scatter some light more or less widely over
the image. This scattered light lowers the
contrast of the image. The scattering may
be dne to a number of causes, such as dirt
or scratches on the lens surface, multiple
reflections from the surfaces. or reflections
or scattering from mounts. This non-image
forming light is referred to 2s “veiling
ziare.” The measure of veiling glare is:

E,
100 %
E.

where E, is the image illuminance produced
by the glare light, and E, is the total image
illuminance produced by image light plus
glare light.

V = (11

3.6.11 Condenser characteristics. A con-
denser, which may consist of one or more
elements and components, is usually intended
for interception of a certain portion of the
light from a source and concentration of this
light on a given area ir such a manner that
the image of this area is satisfactorilv illu-
minated on a screen. The adequate descrip-
tion of 2 condenser includes: its equivalent

focal fength, the T/ nuiiber of the aperture

ratic of the system with which the given

S

® Velling ylare replares the terms “stray Nght @ “fawy ™
“eontrast rendition,” and “specific brililance” whichk are con-
oldorad obwslets.
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area is to be imaged, the distance of this
area from the front veitex of the conderser,
the distance of the rear vertex of the con-
denser from the specified light source. The
performance of a condenser should be speci-
fied in accordance with the test specified in
5.1.2.20.

3.7 MISCELLANEOUS FEATURES. In
describing a lens a number of miscellaneous
features are encountered which do not
directly relate to any particular aspect of
this standard. These are listed with defini-
tive and explanatory data.

3.7.1 Performance designation. Lenses are
occasionally designated by the performancc
they are designed to supply relative to cor-
rection of specific geometrical aberatione,
the three designations generally employed
being achromat, anastigmat, and apochrc
mat. These terms are defined in a generz!
manner as follows.

3.7.1.1 Achromat. An achromat is a lene
in which the EFL and BF have their values
the same for light of two designated wase
lengths. Also, the other aberrations a=n
sufficiently well corrected for the use ix-
tended.

3.7.1.2 Anastigmat. An anastigmat is a
lens in which the astigmatic difference is
zero for at least one zone in the image plane.
In such 2 lens the other aberrations are
sufficiently well corrected for the use in-
tended.

3.7.1.3 Agockromat. An apochromat iz a
lens in which lsteral and longitudinal enro-
matic aberrations are smaller than the see-
ondary speéfrum residual in ordinary glass
achromats, and three wave lengths are
brought to a common focus. The other aber-
rations are sufficiently well corrected for the
use intendcd. In some cases wherein the
color corrections are not carried to the ulti-
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mate degree, the lenses are sometimes called
semi-apochromats.

3.7.2 Reflection reducing coatings. Reflec-
tion reducing coatings on glass to air sur-
faces of elements consist of thin films of
transparent substances. These substances
are so applied and their indices of refraction
s0 chosen that they form permanent hard
coatings which substantially reduce reflec-
tance at the surfaces for the spectral region
to be used.

3.7.3 Environmental range. The maximum
range of temperature, pressure, humidity,
vibration, and biological conditions under
which a lens can operate and be stored con-
stitute its environmenta! range. The range
required depends upon the intended use. Ex-
cept when™ apecified, the metrical and per-
formance values covered by this standard
apply to normal room temperature and pres-
sure conditions.

3.74 Optical glass. Optical glass is a glass
which during manufacture is carefully con-
trolled with respect to composition, mekting,
heat treatment, and other processing in
order that its optical characteristies, such
as indices of refraction, dispersion, trans-
mittance, spectral transmittance, freedom
from hirefringence, atmospheric stability,
ete., have the values required for the optical
application for which it is to be used.

3.7.4.1 Refructive index. When a ray is re-
fracted at the surface of separation between
air and 2 medium, the ratio of the sine of the
angle of incidence in the air to the sine of
the angle of rcfraction in the medium is
equal to the refractive index of the medium.

8.7.4.2 Diepereion. Dispersion is the diffe-
rence in refractive index between the C and
F lines of hydrogen (in the absence of more
specific requirements).

37421 Dispersive power. Dispersive
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power is the ratio of the dispersion from C
and F to the refractive index of Sodium

n—L

3.7.4.2.2 Abbe v number. The Abbe v num-
ber is the reciprocal of the dispersive power
and is equal to (np—1)/(Dr—10).

3.7.4.3 Double refraction. When 2 light
ray is transmitted through an anisotropic
material, it is in general resolved into two
rays polarized in perpendicular directions.
This phenomenon is called “double refrac-
tion” It also occurs in a homogeneous
material such as glass when elastically de-
formed or internally stressed. The maximum
difference in index of refraction for rays
polarized in different directions is called the
“birefringence” of the material.

37.4.4 Chemical durability of glass.
Chemical durability of Zlass is the resistance
which the polished glase sample shows the
corroding action of water, atmospherie
agencies, and agneous solutions of acids,
bases, and salts.

3.7.5 Internal surfaces. Internal nor-opti-
cal surfaces of lenses and lens mounts con-
tribute to veiling glare by light reflected
from them into the image space. Consequent-
1y, where needed 80 as not to contribute to
veiling glare, lens barrels and, in some in-
stances, lens cells ghomid be Imife-edge
bafled; lens edges, mounts, barrels, cells,
geats, and bores ghould be finished with a
dull black light-absorbing material.

3.8 BEAUTY DEFECTS. Beauty defects
are those imperfections of components and
elements of an optical system which do not
affect the optical characteristics. They are
undesirable but may be accepted if they do
not cause a significant degradation of image
quality or environmer“«! stability. The
varions imperfections claseified as beauty
defects are as follows.




3.8.1 Material defects.

3.8.1.1 Bubbles. Bubbles are air or gaseous
inclusions entrapped within the glass.

3.8.1.1.1 Seeds. Seeds are very small bub-
bles.

3.81.1.2 Air bells. Air bells are irregularly
shaped bubbles.

3.8.1.2 Cracks. Cracks are shallow separa-
tions or breaks in the glass.

38.1.3 Feathers. Feathers are powdered
surfaces folded into the glass in the pressing
process.

3814 Folds, or laps. Folds, or laps, are
areas in which the glass has been folded
vpon itself but not fused.

3.8.1.5 Milkiness. Milkiness is caused by
cloudy or milky areas within the glass.

3.8.1.6 Stones. Stones are fragments of
undissolved material in the glass.

3.8.1.7 Strain. Strain is tension within the
glass caused by inadequste annealing or im-
proper mounting. It is an area of index of
refraction differing from the nominsl.

3.8.1.8 Strige. Striae are steaks or veins in
the ginss with the index of refraction differ-
ing from that of the body of the glass.

38.1.8.1 Reams. Reams are fine bands of
striase.

3.8.1.8.2 Cords. Cords are streaks of very
heavy striae.

3.8.2 Manufacturing defects.

3821 Blisters. Blisters are bubbles in a
cement layer.
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3.8.22 Burms. Burns are reddish stains
generally ground on the central areas of
clements. They are usually caused by the
drying-up or glazing of a2 polisher.

3.8.2.3 Cement starts. Cement starts are
spots where the components of a cemented
lens have started to separate. They can be
small irregular spots between the elements
or run-ins at the edge, insufficient cement, or
cement at the edge dissolved by a solvent.

28231 Run-ins. Run-ins are cement
separations at the edge of a cemented com-
ponent.

3.8.2.4 Chips. Chips are areas from which
glass has been broken away from the sur-
face, edge, or bevel of an optical element.

3825 Cracks. Cracks are breaks in the
glass.

2.8.2.6 Dips. Digs are breaks of the polish-
ed surface of a round, oval, square, etc.,
shape including pits, holes, and surface
broken bubbles.

28.2.6.1 Dirt holes. Dirt holes are dig-
filled with rouge.

3.8.2.7 Dirt. Dirt consists of dust, lint, or
other foreign matter on the surface or en-
trapped in 2 cement layer.

3.8.2.8 Grayness. Grayness is represented
by finely ground areas indicating incompicte
or improper polishing.

3.829 Mold marks. Mold marks =2Iz
marks on the surface produced by moldi==

3.2.8.10 Orange peel. Orange peel is posTiy
polished surface, pock-marked with pits.
having much the same surface appearznce
as the skin of an orange.

3 8.2.11 Poor polish. Poor polish pertains
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to polished surfaces containing minute pits
of a gray or red color. They are gray grind-
ing pits in the surface of the glass, or red
grinding pints in which rouge has been so
deeply embedded that it has to be removed
by further polishing.

3.8.2.12 Scratches. Scratches are furrows
or grooves in the surface of the glass caunsed
by the removal of glass, usually made by
coarse grit, fragments of glass, sharp tools,
etc., rubbed over the surface.

3.8.2.13 Smears, scum, water spots, etc.
Smears, scum, water spots, etc., are residue
of evaporated or unevaporated moisture.
They are usually removable by ‘normal”
cleaning.

3.8.2.14 Stain. Stain is a discoloration of the
glass surface, usually brown, blue, or green,
caused by the deposit of foreign matter, or
changes produced on the surface of the glass
by chemical action of some substance with
the glass. -

4. GENERAL REQUIREMENTS

4.1 MARKINGS.

4.1.1 Lens markings. Lens markings, such
as maximum aperture, focal length, field of
view, and serial number shall be placed on
the front of the lens cell or on the barrel if
Bpace limitations so require. The lers name
and serial number shall be assigned by the
manufacturer.

4.1.2 Cell marking. Lenses supplied in cells
or constructed with removable cells shall
have all cells permanently marked with at
Jeast the last three digits of the lens serial
number.

4.1.3 Mazimum aperture. All types of lens-
es, except types X and XI, shall be marked
with their maximum aperture stated either
as the relative aperture, aperture ratio or
T-stop.

4.1.3.1 The symbol for relative aperture of
& lens shall be f/ followed by the numerica!
vaiue, for example £/2.0.32

4.1.3.2 The symbol for the T-stop of a lens
shall be T followed by 2 space and then the
numerical value, for example T 2.2.

4.1.3.3 f-number 1?2 The effective diameter
o Amcricas Blandard Lens Aparture Markings, 2.88.4.7—19%0
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of the maximum aperture of the lens shall
be at least 95 percent of the quotient obtain-
ed by dividing the marked focal length by
the f-number corresponding to the maximum
marked aperture.

4.1.4 Iris diaphragm control marking.

4.1.4.1 Full stop.'? The standard series of
diaphrogm markings, or stop openings, shall
be 0.7, 1.0, 1.4, 2.0, 2.8, 4.0, 5.6, 8, 11, 16, 22,
32, 45, 64, 90, and 128.

4.1.4.2 Mazimum aperture value.'* The f-
numbe:* corresponding to the maximum aper-
ture, T-number, or aperture ratio value
marked need not be selerted from the above
series but shall be followec by the above ser-
ies of stop openings beginning with the next
largest number whenever practical and pro-
gressing as far as required in the individual
application; e.g., for an /1.9 lens the dia-
phragm might be marked £/1.9, 2.8, 4.0, 5.6,
8. etc., if it was believed that to mark it
£/1.9, 2.0, 2.8, 4.0, 5.6, etc., would coniuse
the marking at the £/1.9 end of the scale.

4.1.4.3 Fractional stop values. In addition
to the numbered values, each stop may be
divided into three suha. -icions by dots or
marks (not numbered), the dots being at
“thirds of a stop,” e.p., 0.7, 0.8, 0.9, 1.0, 1.12,

g
®
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126, 1.4, 1.5, 1.7, £.0, 2.2, 2.5, 2.5, 3.2, 8.6,
4.0, 4.5, 5.0, 5.6(6), 6.3, 7.1, 8.0, 9.0, 10.0,
11.(3), 12.,142, 16, 18, 20, 22.(5), 25, 28,
sz,

4.1.4.4 Tolerance of marking. For a lens
marked in relative apertures, if the setting
for a given indicated value is made by pro-
ceeding from a larger to a smaller opening
(to insure constancy of direction for elimina-
tion of backlash), the marked value shall
not be in error by more than one-third of a
stop (plus or minus 12 percent of the dia-
meter or plus or minus 25 Percent of the
area of the effective aperture). Under simi-
lar conditions, if the Jens is graduated in
T-stops, the errors shall not exceed one-
tenth of a2 stop (plus or minus 7 percent of
the central image illuminance).

4.1.5 Focal length.1*
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4.1.5.1 All lenses which are marked with
the equivalent focal length shall indicate
this value by the letters EFL followed by the
numerical value either in the Englich or the
Metric system as required by the individual
application. o

4.15.2 The accuracy of the marked focal
length shall be as required by the individual
application.

4.1.5.3 Accuracy of focusing scales. Focus-
ing scales, when required, shall be accurate-
ly marked to indicate the correct focus posi-
tion of the corresponding lens to an accuracy
of +ds, where ds = CN. N is defined by
equation (2) in 322, and C is a constant
which may be related to the circle of con-
fusion or the permissible resolving power.
The value of C is determined by the individ-
ual application.

5. DETAIL REQUIREMENTS

5.1 METHODS OF TEST AND MEAS-
UREMENT. This section deals with methods

of testing and measuring properties related -

to photographic lenses. In many cases par-
ticular details are not provided but will be
determined by the individual application.
Whenever alternate methods of testing or
measuring are given, the method shall be
employed which is most convenient and
which best agrees with the intended use of
the lens. When this standard is used in refer-
ence to the procurement of photographic
lenses, only those tests specifically designated
shall be used in the examination of the prod-

Air Standardization Agreement,
Focsl Lensthn of Lenws for Air Reconnaissance and Mapping
Camerss. ABC AIR STD $2/4. 15 March 1956. For merial re
connalrsance camerss, the following frcal benaths are standsrd-
Ised: 1% iches. 2% incher. 8 Inehen. 4% inches. € incbes. §

Inches. 12 inches, 18 Inches, 2¢ inches, 36 inchen. and 40 inches,
ete.,

* 8 inches, 12 inches. 18 inches, 2¢
nomins! foral lengthe are to b marked in inches. Rowever,
there wouid be no obsection to some deviations from the fecal
enyths below ¢ Inches, sbould this Draee 1o teet special ap-
lications.

inches, and the
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uct. The procurement shall also clearly state
which tests apply to 100 percent inspection
and which tests are to be used only for the
examination of samples.

5.1.1 Test apparatus. The criteria to be
used in judging the suitability of test ap-
paratus are as follows:

o.L.1.1 Collimator. A ecollimator is a device
by which a test object ( pinhole, resolution
chart, etc.,) is made to appear at an infinite
distance from the observer. It commonly
consists of a well-corrected telescope objec-
tive or catadioptric system with the test
object mounted accurately ir the focal plane.
The collimator aperture reiative to the lens
shall be =uch that the entrance pupil of the
lens is filed with light of uniferm Hlumi-
nance from every part of the collimator
field.

5.1.1.2 Optical hench nnd nodal shide. The
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microscope objective on the test bench shall
have 8 numerical aperture “n sin a” greater
than “n sin a” (see equation (2) in 8.2.2) of
the lens being tested. When examining the
edge of the field of a lens, the numerical
aperture of the microscope objective shall be
sufficiently large to permit it to intercept
both principal and edge rays. Alternately,
the microscope may be mounted on a verti-
cal pivot permitting this to be accomplished.
In this case, the axis of the pivot must pass
through the object point of the microscope.
For reference, table I shows the numerical
apertures and their corresponding f-num-
bers.

TasLe 1

Numerical aperture {-number
0.0175 £/28.7
0.0349 £/14.3
0.0523 £/9.55
0.0698 £/7.15
0.0872 £/5.74
0.1737 {/2.88
0.2588 £/1.93
0.3420 £/1.46
0.4226 1/1.18
0.5000 1£/3.00
0.5736 £/0.872
0.6428 £/0.778
0.7071 £/0.707
0.7660 £/0.653
0.8192 £/70.610
0.8660 /0577
0.9063 £/0.552
0.9397 £/70.532
0.9659 £/0.318
0.9848 170.508
0.9962 1/0.602
1.0000 1/0.500

5.1.1.83 Infinity. When testing a Jens at “in-
finite” focus by means of a target at a finite
distance, the distance shall be considered ap-
proximately infinite when it is greater than

D measured in feet
(D = 400 1d (12)

where d is the diameter of the effective aper-
ture in inches, and f is the EFL in inches

of the lens being tested. The distance D is
not to be used in determining the EFL di-
rectly, unless a suitable correction is made
for the plane of best infinite focus. However,
a distance D may be used for focusing and
checking resolution of fixed focus cameras
and cones at infinity. For checking infinity
focus resolution only, designated values less
than that of D in formula (12) inay be used
unless, as in some cases, there is 8 noticeable
loss in resolving power when a lens intended
for use at infinity is tested at finite distance.

5.1.1.4 White light. White light will usual
ly be used in conducting all tests. For most
photographic tests, the spectral composition
of “white light” is not critical and any source
of light, ordinarily considered free from
color, may be used. For purposes of this
standard, white light is defined as black body
radiation of 2750°K to 6000°K. When re-
quired, the white light may be filtered to a
particular color. (The detailed specification
shall state whether or not the filters supplied
with the lens shall be used when conducting
resolving power tests.)

5.1.1.4.1 Flash discharge lamps. Flash dis-
charge lamps will be permitted for making
test exposures provided care is taken to in-
sure controlled charging of the lamp conden-
ser so that successive exposures are approxi-
mately equal during the photographic test-
ing process.

5.1.1.5 Photographic plates and fim. The
photographic sensitized material and the
processing used in the testing of all types of
Jenses shall be the kinds most commonly
psed with the type of lens being tested. (See
5.121321)

5.1.1.6 Test conditions. Unless particularly
required by the intended uses, all tests and
measurements shall be condueted under nor-
mal room conditions.

5117 Resolving power tarpet. The re-




solving power target used on all tests shall
be as follows: The target shall consist of a
series of patterns decreasing in size as the
V2, ¥2, ¥2, with a range sufficient to cover
the requirements of the lens-film combination
under test. The standard target element shall
consist of two patterns (two sets of lines)
at right angles to each other. Each pattern
ghall consist of three lines separated by
spaces of equal width. Each line shall be five
times as long as it is wide. (See Figure 7.)
For types I and II lenses, targets with light
lines on a dark background are preferred;
for types IV, VI, VII, XII, XII lenses, tar-
gets with dark lines on a light background
are preferred. The target contrast (the dif-
ference in photographic density between the
lines and spaces) shall be either high, medi-
um, or low contrast, as specified.

o

—dog b &t g %
Ficure 7. Standard Resolving Power Test Tarpet
Element, The patterns of lines are parallel lines

' 2.5 z millimeters long and 0.5 z millimeters wide

with space 0.5 = millimeters wide between the paral-
lel lines, where z equals the numbers of linss per
millimeter.

5.1.1.7.1 High contrest terget. A high con-
trast target is one in which the density dif-
ference between the light and dark areas is
greater than 2.00.

5.1.1.7.2 Medium contrast target. A medi-
um contrast target is one in which the den-
sity difference between the light and dark
aress is equal to 0.80 =+ 0.05.

5.L.L7.3 Low contrast target. A low con-
trast target is one in which the density dif-
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ference between the light and dark areas is
equal to 0.20 = 0.05.

5.1.2 Test methods.

5.1.2.1 Plane of best definition. The plane
of best definition is usually determined by
making a series of evaluations at a sufficient
number of focal settings. The distance be-
tween focal settings in hundredths of milli-
meters shall be at Jeast

{-number of lens
no. of lines/mm. expected

The detailed specification shall state the
method used in determining the plane of best
definition.

5.1.2.2 Equivalent focal length.

5.1.2.2.1 Method 1 — Photographic meth-
0d.}* The EFL shall be measured by placing
a photographic plate/in the focal plane of the
image space. Unless otherwise specified, the
focal plane is defined as the place of best
photographic imagery for an infinity distant
axial point; the focal plane may &lso be spe-
cified as the plane of best definition. A colli-
mator and reticle may be conveniently used
to provide an infinitely distant object point.
Exposures are made with the beam of light
from the collimator directed along the op-
tical axis of the lens and a series of angles
B1, B, etc. On the resuliant negative, meas-
urements shall be made of the distances
vy ¥ etc., from the axial images to the
images corresponding to the angles B, B

7s vs

etc.,, and the quotient ,
tanﬂ. mﬂx

etc., formed. The limiting value of this quo-
tient as 8 approaches zero is the EFL. In a
photographic objective free from distortion,
the quotient is invariant with respect to the

- An:rﬂ;“n Sl"nndu-l Methbods for Designating and Measor-
Jng Foeal Lengths and Yocs! Distances of Photograpbic Lenase.
7.38.4.21-1948.
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value of 8. For many photographic pu=poses
the distortion is negligible for points distant
from the center of the useful field not more
than one-fifth of its radius, and consequent-
ly, it will very often be possible to obtain a
satisfactorily accurate value of the EFL
by a single determination of 8 and ¥ for a
point lying near the axis.

5.1.2.2.1.1 Method 1A — Combination
method. The EFL also may be determined
by adding the photographic BF to the dis-
tance from the rear vertex to the emergent
nodal point. The latter distance may be de-
termined by Method 2.

5.1.2.2.2 Method 2 — Nodal slide method.
The lens to be tested shall be mounted on 2
nodal slide to rotate about the vertical axis
through its second nodal point. The distance
from this nodal point to the position of best
axial focus for an infinitely distant object
point shall be measured. This is also known
as the second principal ‘focus. (An important
factor or ‘uncertainty in using this method
is the difference between the position of best
focus as judged visually on the optical bench
and the best focus as determined photograph-
ically by method 1). When using this meth-
od, the criterion for determining the best
axial focus should be specified. The eriterion
used is dependent on the type of test objact
or target used and may be specified in terms
of either the haze position or the position of
greatest concentration (see 3.6.9.1.1 and
8.6.9.1.2) or in terms of the color in and
around the image.

5.1.2.3 Calibrated focal length. When de-
termining the calibrated focal length, the
plane of best average definition shall be
chosen as the focal plane. To compute the
calibrated focal length, let v, ¥,. ete, repre-
sent the distances in the focal plane from
the axial point to the images of infinitely
distant object points lying in the directions
making angles 8,, B. etc.. with the optical
axis of the objective. If { is the equivalent

focal length in the absence of distortion, then

v, = { tan B, (13)
v, = f tan 8,
and v, = f tan B. (14)
In the presence of distortion
v, = ftan B, + A Y, (15)
Y; =-’ft8nﬁ, + A'Y;
and v, =ftan B, + A 7. (16)

The added terms are the values of the linear
distortion for values 8,, B,, etc., respectively.
The values of ¥ and 8 are measured directly.
It is evident that the individual values of the
distortion defined by the above group of
equations can be changed by changing the
value of f. If f is the equivalent focal length,
in many instances values of the distortion in
the neighborhood of the axial image point
will be small, and near the edge of the field
the values will be large and predominantly
negative or positive. Infinitely distant targets
may be provided by a group of collimators
or by one collimator which can be succes-
sively placed in the required anguiar pnsi-
tions. Exposures shali be made z2nd the v’ cor-
responding to each angular distance from
the optical axis shall be determined.

5.1.2.4 Back focal distance.’® To determine
the BF, the focal plane in the image space
shall be determined by a visual or photo-
graphic method. The measured distance from
this focal plane to the vertex of the back
surface of the lens shall be the required BF.

5.1.2.6 Flange focal distance.’® To deter-
mine the FD, the focal plane in the image
space shall be determined by a visual or
photographic method. The measurement
shall be made from the plane of the locating
surface or the flange to the focal plane.

5.1.2.6 Front focal distonce’® To deter-
mine the FF, the focal plane in the object
space shall be dctermined hy a visual or

® See footnow 14, page §0.
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photographic method. The measured distance
from this focal plane to the vertex of the
front surface of the lens shall be required
FF.

5.1.2.7 Front vertex back focal distance.
To determine the FVD, the focal plane in
the image shall be determined by a visual or
photographic method. The measured dis-
tance from the vertex of the front surface
of the lens to the focal plane shall be the
required FVD. '

5.1.2.8 Aperture ratio. For the special case
in which the object is at infinite distance
(magnification = 0), N, the first member
of the ratio equation (2) in 8.22, may be
determined as the quotient obtained when
the EFL is divided by the diameter of the
effective aperture.

5.1.2.8.1 For the general case in which the
magnification may have any value, & pin-
hole should be mounted at the axial point of
the desired image plane, and the angle of
the cone of light emerging through the pin-
hole from the lens should be determined by
measuring the diameter of a right section
of the cone at a suitable distance beyond the
pinhole. The angle a can be calculated from
the mesasurements and substituted in equa-
tion (2). If n is the index of refraction of
the medium in which the angle a is meas-
ured (n = 1 for air, used in the great ma-
jority of cases), the second member of the

1
aperture ratio is .
2n sin «a

When measuring the aperture ratio by the
method of this paragraph, the angular sub-
tense of the object point at the first nodal
point of the photographic objective must be
small as compsred with the value of the
angle a between the optical axis of the ob-
jective and the extreme ray proceeding (o
the image point.

5.1.2.9 Effective aperture.
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5.1.2.9.1 Method $ — Microscope meth-
0d.'* A traveling compound microscope is
required with means for transiating the
microscope in a direction at right angles to
its optical axis through a measured distance
not leas than the diameter of the maximum
effective aperture to be measured. The micro-
scope must be of low power (10X to 20X)
provided with a reticle and with a working
distance sufficiently long to permit the micro-
scope to be focused on the limiting opening
of the photographic objective through the
front member. The photographic objective, of
which the effective aperture is to be meas-
ured, shall be mounted in a convenient posi-
tion to permit the traveling microscope to
be directed parallel to the optical axis of the
objective and focused upon the edge of the
opening having the smallest apparent dia-
meter. (The photographic objective is not
to be disassembled.) This edge shall be
viewed through the lens elements which are
normally traversed by image-forming light
before passing through the limiting open-
ing. A microscope having a long working
distance is required to avoid mechanical in-
terference when looking through the lens
elements. A microscope shall then be trav-
ersed and measurements made to determine
the apparent diameter of this opening which
shall be the effective apertur. In place of &
traveling microscope, & suitable contour pro-
jector may be employed to measure the ef-
fective aperture. If the lens has a non-circu-
lar aperture, the measured diameter must be
suitably corrected.

5.1.2.98.2 Method 4L — Point sowrce meth-
od.!” When it is not practicable to use &2
microscope of sufficient working distance to
permit the limiting opening to be observed
through the lens elements, & source of light,
as small as practicable and emitting a cone
sufficiently large to fil the lens, may be
% Amarican Btandard Mathods of Desigusting sad Messuring
Avertares and Releted Guantities Pertaintng to Photegraphi
Lamens, L38.4.26-1043.

® Amariean Biasdard Aperture Calibration of Motica Pictare
Lowems, PHET1.90 — 1950
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placed at the second principal focus and
directed toward the objective; the diameter
of the emergent beam should be measured
as near the front of the objective as is prac-
ticable. This method is subject to a systema-
tic error, the value obtained always being
too large, because of the finite size of the
source.

5.1.2.10 T-nuniber and transmittance. The
equipment specified in methods 5 and 6 for
determining T-stops and transmittance of a
lens represents workable apparatus. How-
ever, modifications are permitted provided
that the basic reguirements of the method
and the specified accuracy are met. (See
3.2.6 and 4.1.44.)

5.1.2.10.1 Method 5 — Eztended source
method.'® This method of lens calibration is
based on filling the lens with light from an
extended uniform source of adequate size and
placing in the plane of best definition of the
lens & metal plate with a hole, the diameter
of which shall not exceed 8 millimeters (or
1.5 millimeters for 8-millimeter film), at its
center. The light flux passing through the
hole shall be measured by a photocell ar-
rangement. This flux shall then be compared
with the flux passing through a hole of the
same dimensions from an open circular aper-
ture of such a size and at such a distance
from the plate that it subtends the desired
angle a so that sin a = % T,
where T is the T-number to be
measured. The greatest care is necessary
to insure that the extended source is uni-
form. In practice, the photocell reading for
-each whole T-number is first determined for
a series of open apertures at a fixed distance
from the plate. The lens is then substituted
for the open aperture with the 3-millimeter
hole accurately in its focal plane and the
iris of the lens closed down until the photo-
cell meter reading produced by the lens is
equal to each of the successive open hole

¥ Roo footnote 17. page 8B
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1 eadings. The full T-stop positions are then
marked on the diaphragm ring of the lens.
The intermediate thirds of stops may be
found with sufficient accuracy by inserting
a neutral density filter of 0.1 and 0.2 behind
each open aperture in turn and noting the
corresponding photocell readings or by di-
viding the travel of the diaphragm control
into three equal parts. The extended source
should be uniformly bright over its useful
area to within =3 percent. (This could be
tested with a suitable telephotometer, or a
small hole in an opaque screen could be
moved around in front of the source and
any consequent variations in photocell read-
ing noted.) The source may be a sheet of
ground glass covering a hole in a whitelined
box containing several lamps mounted around
the hole and shielded so that no direct light
from the lamps falls on the ground glass
itself. The photocell receiver may be of the
phototube type with a simple d amplifier.
Care must be taken to insure that photo-
tube sensitivity does not change between
marking readings on the open aperture and
on the lens itself. To-guard against this, some
turret arrangement is desirable, with the
lens on one side and the open aperture on the
other, so that the two may be interchanged
and compared quickly with each other by
turning the turret. Transmittance of a lens
shall be measured at the maximum relative
aperture in a direction paraliel to the optical
axis of the lens. Transmittance is equal to
C/R where C is the calibrated photocell read-
ing with the lens in place, and R is a similar
reading when a clear circular aperture is in
place, subtending an angle « at the hole in
the front of the photocell so that sin a =
14N, where N is the second term in the aper-
ture ratio of the lens to be tested. (See 3.22.)
The value of N must be the true value, which
may differ from that indicated on the bar-
rei.

5.1.2.10.2 Method € — Collimator meth-
pd1* In this method, light from a small

1 See footnote 17 pase 6L




source (8 b-millimeter hole covered with
opal glass and strengly illuminated from be-
hind) shall be collimated by a simple lens,
or an achromat if preferred, of a focal length
at )east three times the EFL of the lens be-
ing tested and of sufficient aperture to fill the
lens being calibrated. This gives a colli-
mated beam which will be focused by the

test lens to form a small circle of light in its
focal plane. This circle of light will be less
than the prescribed limit of 8 millimeters
diameter. Uniformity of the collimated beam
can be checked by moving a small hole in
an opaque screen across the beam, and not-
ing any variations in the photocell reading.
For the comparison unit, an open aperture
shali be used, of diameter equal to the focal
length of the lens divided by the desired T-
pumber. This aperture shall first be mount-
ed in front of an integrating sphere of ade-
quate size with the usual photocell detector
and the light from the collimator allowed
to enter the aperture. The zperture piate
shajl then be replaced by the lens, the iris
diaphragm closed down to give the same
photocell reading, and the T-number en-
graved on the iris ring. The intermediate
thirds of stops can be found by using 0.1 or
0.2 density filters, or by dividing the travel
of the disphrugm control into three equal
parts. To guard against “drift” or iine-volt-
age variations which might occur b:tween
readings of the comparison aperture and the
lens, it is conveuiernt to leave the imown
standard aperture in place in front of the
sphere, and to insert the lens into the hearn
in such a position that the small image of
the source falls wholly within the standard
sperture. The meter reading should then re-
main the same with the lens in or out of the
beam. A second plate with 2 3-millimeter
aperture should te placed over the compari-
son sperture while the lens is in place to
stop any stray Jight which may be reflected
from the interior of the lens. It should be
noted particularly that if this method is

zaad, the focal Jength of the lens must be
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measured separately snd a suitable set of
open apertures constructed for use with it.
However, by suitable devices, one single set
of fixed apertures may be used for all lenses.
Transmittance of a lens shall be measured at
the maximum relative aperture in & direc-
tion parallel to the optical axis of the lens.
Transmittance is equal to C/R where C is
the calibrated photocell reading with the
lens in place, and R is 2 similar reading when
a clear diaphragm (equal to the lens effective
aperture) is in place.

5.1.2.11 Relative tlumination.

512111 Method 7 — Eztended source
method. This method of measuring relative
illumination makes use of the same appara-
tus and technigues specified in method 6.
With the lens to be measured set up in the
spparartus, the photocell shall be displaced
laterally tc the position corresponding to the
required angular positions, and the corres-
ponding percentage of axial illuminance for
each position is found from s calibration
curve of the photocell meter.

5.1.2.11.2 Method 8 — Collimator method.
This method of measuring relative illumina-
tion makss use of the same apparatus and
techniquea specified in method 6. With the
lens to be measured set up in the apparatus,
the lens shall be rotated through the desired
fielé angles 8 and the vhotocell readings
compared =ith the readings for the lens on
axis. The percantage of light flux transmit-
ted can then be read off a calibration curve
for the photocell system and converted to
desired percentage illuminance by dividing
by cos?® 8.

5.1.2.11.% Method 9 — Densitometric meth-
od. This method of measuring relative illu-
mination makes use of the same apparatus
and techniques as specified in methods & and
6, except that a photographic plate is substi-
tuted for the photocell when the extended
source is used, and for the integrating sphere
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when & collimator is used. In the latter case,
the image produced by the lens should.be
in sharp focus on the emulsion plane. The
exposures are made on the axis and at the
required angular positions off axis. The ex-
posure times shall be the same at all the
positions. The densities of the exposed and
developed images shall be measured and the
relative illuminance determined using the
sensitometric curve of the emulsion, obtain-
ed by exposing a calibrated step-wedge.

5.1.2.11.4 Method 10 — Indirect compute-
tion method. The indirect computation of il-
Juminance distribution from dimensions of
‘thelensmoutlinedinthissection.'l‘he
method in this case is for 2 lens while in the
design stages, or in determining the illumi-
pance distribution of an actual lens when no
convenient photometric equipment is avail-
able.

5.1.2.11.4.1 Distortionless lens with object
at infinity. The case where the object is at
infinity is applicable to most photographic
objectives 'encountered in serial and ground
photography. The field angle of such a lens
is always expressed by the obliquity angle
4, in the object space. The desired relative
illumination is given by:

3 s
R = = cos'e (17
’. ’.

w~here E is the illuminance at the point in
the image which corresponds to the obliquity
angle ¢ in the object space, and E, is the
illuminance at the center of the field. S¢ and
S, are, respectively, the beam section areas
of the oblique and axial beams at the chosen
reference plane in the object space. The ares
S¢ will in general be smaller than S. due to
vignetting, but in some unsual lenses. Se
may be semewhat greater than S..

5.1.2.11.4.2 Distortionlese lens with finite
object distance. The relative illumination R
can be computed either in the object space

or in the image space depending on which
is more convenient. The illuminance at angle
¢ is given by the integral:

Ee = K/cos‘edS = K'/cos'¢’ dS’ (18)

where K and K’ are constants independent
of obliguity. The integrals are to be taken
over the respective beam sections. The in-
tegrals are necessary because ¢ and ¢ vary
from point to point over the beam sections.
If the aperture is small, the integral becomes
unnecessary and then:

E¢ = KSe cost¢ = K'S'¢ cos's’ (19)

The relative illumination is then found by
evaluating E+ and E, for an obligue and
axis] beam and taking the ratio R = E¢/E,.

5.1.2.11.4.3 Distorting lens with object at
infinity. This differs from the previous case
because the distortion will have a consider
able effect on the distribution of illuminance
expressed as a function of the entering obli-
quity angle ¢. In this case the relative il-
Jumination becomes:

Ees Se 12 gin ¢ cos ¢
R = =
E, S, r (dh’)
(de)
(20)

Se and S, are the areas of the beam sections
for the obligue and axial beams at the chosen
reference plane in the object space; ¢ is the
obliquity angle in the object space, f is the
focal length of the lens and b’ is the image
height. By measurements or computations
on the lens, a relation can be established
connecting h’ with ¢, from which the value
of the derivative dh’/d¢ can be found at any
desired point in the field. For a distortion-
Jleas Jens. b’ = f tan ¢: in that special case
equation, (20) simplifies to equation (17).

5.1.2.11.4.4 Distorting lens with finite ob-
ject distance. The image space equations (18)
or (19) hold independent of the distortion of
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the lens. If it is desired to use the data of
the object space, equation (18) becomes:

h
E¢s =K —— Tcost ¢ @S
h' (dh’) (21)

(dh)

where K is a constant different from that
used in equation (18), h is the object height,
and h' the height of the image of that ob-
Ject. The derivative d¢h’/dh must be found by
determining an algebraic relationship be-
tween h and h’. If the aperture is sufficient-
ly small, ¢ will not vary greatly over the
beam section and the equation may be re-
duced to the approximate form.

h

Ee = K Se¢ costs

h’ (dh")
(dh) (22)

5.1.2.11.4.5 Monocentric lens. In the case
of a lens having a common center of curva-
ture to all the surfaces and a concentric
image surface, the relative illumination con-
tains only one cosine, namely:

Ee Se
R = = cose (23)
E, S,

5.1.2.12 Resviving power. When specifving
or measuring resolv.ng power. care shouid
be taken to consider the following pertinent
factors: methods of tests, contrast of tar-
get used, kind of and processing of photo-
sensitive emulsion, whether filter is to be
used, and magnification at which resolving
power target images are read. For reading
resolution. a magmiication ¢f the lowest
power which permite convenient viewing will
vield the highest resnlution readires. (The
rule based on Selwyn's expcrimer.ta ?° that

® Z W H Sewyrn National Buresu of Standards G826 216
1954 and Phosographis Seoenal BOB, 48, 1945
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the numerical value of the magnification
should equa! the number of lines per milli-
meter expected to be resolved can be con-
sidered a rule of thumb.)

5.12.12.1 Photographic resolving power.
When conducting photographic resolving
power tests by methods 11 and 12, the photo-
sensitive materizl and processing should be
in accordance with table 11

5.1.2.12.1.1 Method 11 — Collimator meth-
0od.** For lenses primarily intended for use
on distant objects, such as types I, II, III,
and V, this method should be used. The re-
solving power target is placed at the prin-
cipal focus of a collimator and illuminated
with white light. A filter of a specified color
may be used and it shall be placed between
the light source and the target. It is recom-
mended that, in order to eliminate vibration
effects, a flash discharge lamp be used as the
light source and that the light from it be
filtered if necessary to approximate white
light. (See 5.1.1.4.) Exposure can be con-
trolled by means of neutral depsity filters
between the light source and the target. The
lens to be tested shall be placed in the colli-
mated beam from the target and a test plate
or film made in a series of focal settings as
described in 5.1.2.1. Unless otherwise spe-
cified. the lens shall be set at the specified
maximum relative aperture. With the test
plate perpendicular to the optical axis of the
lens. expcsure shall be made of the test tar-
wet 2t the specified angular distance from
the axis ocut to and meciuding the multiple
of the specified angle faliing nearest the
corner of the plate inside the picture format
The specified angie shruld be multiples of
11/ degrees and should be spiaced to nrovide
5 increments or more in the semi-fieid of the
lens. Phe exposure time shzll be the same
for all angular settings and chall be the

" In vmuthod 11, if the remoiviny prevr ts measored by ™
ticing fro tav Nnes per miflumeier of the mrawt. ZFL of the
collamator. and LFT. of Um lect lena, the sniwe sbouid m ~o~
rectad by sroitiplring radicl lines 5y U rosine of the AeM ene
and tangential lines by the e’ of the faid ansle.
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Tarwz II
Phbotossnaitive ASA Developaent
Lans type matarial Exposure index (gamma)
1
(70-mm. format Panchromatic aerial 10 2.0 = 0.1C
& smaller)
(5-inch format Panchromatic aerial 80 1.5 = 0.10
& larger) .
II
(70-mm. format Panchromatic aerial 10 20 = 0.10
& smaller)
5-inch format Panchromatic aerial 80 15 = 0.10
& larger) .
1II Panchromati aerial 50 08 = 0.10
v Panchromatic microfilm - Maximum contrast
v - Panchromatic (motion picture) 50-80 06 = 0.10
IX Panchromatic (portrait) 100 0.6 = 0.10
X1 Panchromatic microfilm ... Maximum contrast
XIII Panchromatie microfilm Maximum contrast
XI1v Blue sensitive recording 1.5 = 0.10

exposure time which gives the highest re-
- solving power at the angular setting nearest
the angle equal to one-half the half angle
of view. The different angular settings may
be cbtaired by moving the lens and test plate
about an axis near the entrance pupil or by
moving the collimators, or by means of a
series of collimators placed in the correct
angular positions. The lens may be tested
with or without the filter provided with it,
as required.

5.1.2.12.1.2 Method 12 — Target range
method. For lenses primarily intended for
use at finite distances, such as types IV, XII,
and XIII, this method should be used. Also,
it may be used, when specified, for testing
other types of lenses. Properly illuminated
high contrast resolving power targets shall
be placed in the object space in a plane per-
pendicular to the optical axis of the lens to
be tested and spaced at the required angular
distances. The distance from the lens to the
piane of the targets shall be designated.
When this method is used for testing lenses
at infinity focus, either formula (12) in
5.1.1.3 may bec used to determine the proper
distance, or some designated distance may
be used. The test plate shall be adjusted per-

pendicular to the optical axis of the lens and
exposed for maximum resolution at the tar-
get nearest the angle equal to one-half the
half angle of view of the lens being tested
and shall be moved in a series of focal set-
tings as described in 5.1.2.1. The sensitized
material, processing, etc., shall be in accord-
ance with table II.

5.1.2.12.2 Method 18 — Visual resolving
power. When visual resolving power meas-
urements are required (such as type X
lenses), they will be made exactly like the
photographic resolving power tests, except
that the aerial image, when it is real and
easily available, will be observed visually
under magnification. Method 11 or 12 in
5.12.12.1 will be used as specified, depend-
ing on the use of the lens. When the image
formed by a viewfinder (type X lens) is a
virtual image, a telescope stopped down to
5 millimeters and placed at the eye position
will he used to observe the image. In this
case the resolution shall be determined in
tern < of ¢ cpecified test chart at a spe
cified distance. In all cases where the image
is formed on a ground glass, the ground glass
shal! he removed tn nhserve the aerial image.

t

and the image shall be observed on a plane. '




51.2.12.3 Method 1, — Projected photo-
praphic resolving power. This test is intend-
ed to be used primarily for enlarging lenses
(type VI). A target plate of the required
size containing resolving power targets
(light lines on a dark background) and of
the required range, and located as shown in
Figure 8, with one set of the lines in tangen-
tia! and the other set in radial direction, ahall
be placed in the object plane (film plane) of
the lens to be tested. The targets shall be of
high contrast. The target plate shall be even-
ly ililuminated by light from 8 condensing
source. If required, the light shall be filtered
to the color required by placing & filter be-
tween the lizht source and the target plate.
With the optical axis of the Jens perpendicu-
. lar to the tarpet piate, the lens shall be fo-
cused st the designated magnification and
aperture, and an exposure made on the
designated photosensitive rmaterial. The
photosensitive material shall be held flat in
a plane perpendicular to the optical axis of
the lens. The correct exposure shall be that
which gives the maximum resolution at posi-
tion B of Figure 8. The test plate is pro-
cessed in the required manner. The resolving
vower shzall be read by observing the dry
test plate under suitable magnification. The
figures referred to in measuring resolving
power by this method are the lines per
millimeter on the target piate. It is recom-
mended that enlarging Jenzes be tested at 2
magnification of 1:2 using medium contrast
glossy chlorobromide paper processed 116
minutes in D72 developer,.dilated 1:2 at
68° T,

§.1.2.12.4 Method 15 — Projected visuul
resolving power.2? This test is intended to be
used primarily for projection lenses (type
VII). A test object of the required size con-
taining high contrast resolving power targets
(dark lines on light backzround) of the re-
quired ranee and placed as shown in Figure
T8 Ameriewm Sandani Methot for Detarmining Sewiviex

Povw of Lames for Projeston (or lhemo Si'ds Pl ead
$ z Sdndh B, P .18-17 (Roviesd INE2).
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Ficuxr 8 Projecled Resolving Power Test Plate

under test upon a matte, white, grainless
screen. This screen skall be located at such &
8 shall be projected by means of the lens
distance from the projector that unless other-
wise specified the long dimension of the pro-
jected image will be at least 40 inchrs
order that the ohserver will have no difficulty
in distinguishing the number of lines resolv-
ed. The resolving power of the lens at any
point in the field is the largest number of.
lines per millimeter in the test object that an
observer, close t¢ the scrocn, seas definitely
resolved (easily counted) {r both radial and
targential directicns in the projetted image.
Care shall be taken to insure that the screen
is perpendicular 1c the optical axis of the
projection lens, aad that the lens is focused
so that the imare at the center of the test
plate has maximum eontrest. The preojector
used in this tegt ma2y be 8 regular produoc-
tion model or a special test projector. The
glass test object shall be fiat and held con-
centric with and normal to the optica! axis
of the projection lens. The cone of iight from
the projection lamp ikrough s condensing
systam shall compietely ill the entrance pupil
of the projection lens. The test object shkll
be uniformly illuminated.

5.1.2.13 Astigmatism and curvaelure of
field.

5.1.2.13.1 Method 15 —- [lesolving power
tarpet method. By meaza of any of the meth-
ods for measuriug romolviug power gpacifind
in methods 11 through 16, resciving power
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shall be determined for different positions
of the test plate in the image space. The test
plate or plates are exposed in small steps, at
different distances along the optical axis of
the Jens. The length of each step depends
upon the corrections, focal length, and aper-
ture of the lens being tested. A sufficiently
large number of steps shall be taken to in-
sure at Jeast three steps on each side of the
best focus position for both radial and tan-

gential lines at any angular position. Upon -

reading the targets, the position of best focus
shall be determined (for radial and tangen-
tia! lines separately) at which the resolution
is 2 maximum at each angular setting. These
focus positions are plotted against angular
settings. and two curves representing the
two image surfaces are obtained. The curve
representing curvature of field is a median
drawn between the two curves representing
the image surfaces. (See 3.6.3.) The astig-
matic difference is obtained by taking the
difference in the focal setting at a specific
angle for the two image surfaces.

5.1.2.13.2 Method 17 — Nodal slide method.
This method may be used in lisu of method
16. In this method the lens to be tested shal
be set up in front of a suitahle coliimator
equipped with a target containing vertical
and horizontal lines and centered so that the
optical axis is paralle] to the collimator axis
and coincident with the axis of the observing
microscope. The lens shall he moved along
the microscope axis until the axis of rota-
tion of the nodal slide intersects the rear
node. The microscope shall be focused on the
axial image and the position of the micro-
scope noted. The lens shall then be rotated
about the axis through the rear node and
perpendicular to the optical axis of the lens.
At multiples of angular positions of 11
degrees out to the edge of the field. the
microscope shall be separatelv focused on the
radic] and tangential lines. The focal chanee
from the axis position shall be noted at the
angular field positions for the redial and
tangential lines. To ohbtain curves suth as

30

specified in method 16, the factor f(1-

co8 B)/cos B is subtracted from the micro-

scope settings, and this difference is multi-
plied by the cos 8. If a fiat field bar is used
at the microscope it is not necessary to sub-
tract the factor f(l-cos B)/cos 8. When
curves are obtained, the procedure for deter-
mining the curvature of field is the same as
that in method 16.

5.1.2.14 Color correction. When the image
quality is found satisfactory on the basis of
other applicable tests, the color correction
can also be considered as satisfactory. Direct
measurements of color corrections may be
needed when some special ecolor requirements
are to be met. These measurements may be
specified in terms of minimum resolving
power or limits on individual color correc-
tions.

5.1.2.14.1 Longitudinal chromatic aberra-
tion. .

5.1.2.14.1.1 Method 18 — Photographic
method. Photcgraphic resolving power meas-
urmenents shzll be made as specified in
method 11 or 12, utilizing Lght of the colors
designated. repeating the test for each color.
The light used may be supplied by a mono-
chromator or it mav be filtered white light.
as specified. The focus positions at which
the maximum resolving power (AWAR un-
less otherwise specified) is obtained shall be
determined for each color. The longitudinal
color aberration for a particular color is the
difference in focal setting for this color and
white light. or for this color and a specified
color. When the focal setting for the first
color s greater than the focal setting for the
reference color or white light. the langitu-
dina! chromatic aberration is 3aid to be
posi ive. Generally, the reference color
shou d be towards the red end of the epec.
tral range under consideration.

5.1.2.14.1.2 Method 19 — Nodal slide meth-
od. When specified, a nodal slide optical




bench may be used instead of a test camera
as in method 18.

5.1.2.14.2 Lateral chromatic aberration.

5.1.2.14.2.1 Method 20 — Photographic
nmethod. Photographic measurements shall
be made in the plane of best average defini-
tion for white light or a specified reference
color. The image sizes v,, Y., etc. are meas-
ured, as specified in method 1, for different
colors. The lateral color aberration at a par-
ticular angle is the difference between ' for
the particular color and y for the white
light or the specified reference color.

5.1.2.14.2.2 Method 21 — Nodal slide meth-
od. When specified, &8 nodal slide optical
bench may be used instead of a test camera
in method 20. Lateral chromatic aberration
shall be measured by moving the optical
bench microscope along a scale perpendicu-
lar to the axis of the optical bench, first
sighting the microscope on the image formed
by using white light, or light of the second
specified color. When setting the microscope
for measurements at each angle 8, the micro-
scope shall be displaced along its horizontal
axis by the distance f{l-cos B8)/cos B away
from the lens. This refocusing is not neces-
sary if a flat field bar is used. This setting of
the microscope is maintained at each angle
for all the colors. The distance through which
the microscope is. moved laterally, divided by
the cosine of the angie at which the measure-
ment is made, is the lateral chromatic aber-
ration.

5.1.2.15 Magnification.

5.1.2.15.1 Parazial magnification.

5.1.2.15.1.1 Method 22 — Photographic
nmeéthod. The PM ahiall be fheasured by plac-

ing a photographic plate in the image plane
conjugate with the object plane at the spe-
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cified finite distance from the lens. Within
the intended field of coverage in the object
plane, a series of reticles is placed at ac-
curately determined distances v, v., etc.,
from a reticle at the axial object point. (The
exact location of this point is not needed,
and any point in the vicinity of the inter-

. section of the lens axis with the object plane

may serve as reference for measuring dis-
tances v.) A photograph is taken of the ar-
ray of the reticles. On the resulting negative,
measurements shall be made of the corres-
ponding distances y,, v. ete, from the
image of the axial reticle to the other re-
ticles. and the quotients Yl/Yh 7’:/7:» ett-r
are formed. The limiting value of these quo.
tients as y approaches zero is the PM. For a
photographic lens free from distortion, the
quotient is invariant with respect to the value
of y. For many photographic purposes the
distortion is negligible for points distant
from the center of the useful field not more
than one-fifth of its radius, and consequent-
ly it will be very often possible to obtain a
sufficiently accurate value of the PM by a
singie determination of y and 9 for a point
lving near the axis.

5.1.2.15.1.2 Method 28 — Visual method.

 This method is similar to method 22 except

31

that the distances o to the aerial images of
the reticles are meagured directly in the
image plane by means of a suitable measur-
ing device. The detailed specification shall
state the method used for determining the
plane in which the measurements are to be .
made. '

5.1.2.15.2 Method 2/ — Calibrated magni-
fication. To compute the calibrated magnifi-
cation, let v/,. 7/,, etc., represent the dis-
tances, in the specified image plane, from
the axial image point to the images of the
object points lying in the object plane at
the distances v/, 7, €tc., from the axial
object point. If m is the paraxisl magnifica-
tion, then in the absence of distortion
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Y S My, ¥ = MY, ...7Y, =my,

In the presence of distortion,

7; = my; + AY" ‘y’ == m"g + AY; .
Y. = my. + 4y, (25)

The added terms are the values of the linear
distortion for the image distances v, ¥s
etc., respectively. The values of ¥ and ¥ are
measured directly. It is evident that the in-
dividua] values of distortion defined in the
preceding equations can be changed by as-
signing to m a value different from that
given by the paraxial magnification. After
the paraxial magnification and the corres-
ponding values of distortion have been de-
termined, an adjusted value is used for the
magnification to distribute the distortion in
a manner best guited for the intended ap-
plication. This adjusted value represents the
calibrated magnification, or CM.

5.1.2.16 Distortion. All the following meth-
ods sre capable of measuring distortion in
the plane of best definition with accuracy,
though care should be taken to correlate the
results obtained by methods 28 and 29 with
those obtained photographically. Accurate
determinations of the distortion at finite
magnifications should be made by method
25 or method 80, depending upon the ap-
plication. Where significant, systematic er-
rors in the test equipment shall be reduced
by making a duplicate series of measure-
ments for each test diameter with the lens
rotated 180 degrees about its optical axis.

5.1.2.16.1 Method 25 — Target range
method. This method is intended primarily
for use on lenses in cameras or
cones. Targets shall be set up in the object
gpece in & plane perpendicular o the oplical
axis of the lens to be tested and, for cameras
focused for infinity, at a distance greater
than D determined by formula (12) In
5.1.1.8. The targets should be placed 2pproxi-
mately every 214 degrees across the entire

field of the lens. The angular separation of
the targets shall be determined to an ao-
curacy of =2 seconds of arc by means of a
first order theodolite. In some instances, the
distance between targets and the perpen-
dicular distance from the line of targets to
the front node of the lens can be measured
and the angles computed. The lens to be
tested shall be oriented with its front node
directly over the point from which the range
angles are to be turned, its optical axis di-

rected toward the central target, and one
of its diagonals parallel to the line of tar-
gets. A test plate shall be exposed, after
which the camera or cone shall be rotated
90 degrees about its optical axis, and another
test plate shall be exposed. After processing,
the test plates shall be measured on & com-
parator. The EFL of the lens shall be deter-
mined in accordance with method 1; the dis-
tortion is determined as specified in 5.1.2.3.
Curves shall be plotted (distortion in milli-
meters against field apgle), representing the
distortion related to EFL for both sides of
the axis for both diagonals. It will usually be
found that the curves for the two sides of a
diagonal will not have equal distortion. By
selecting another point, the “Point of Sym-
metry,” as the center of the field and re-
computing the distortion, the curve for each
diagonal can be made to be relatively sym-
metrical. The two sides of each. diagonal
(four curves in all) shall be averaged to
obtain the distortion ourve. This distortion
curve can be given any desired orientation
by using an adjusted value for the focal
length (the calibrated focal length, see
5.1.2.8). When required, in addition to set-
ting up the lens as specified, the test plate
may be adjusted so that it is perpendicular
to the line drawn from the central target
through the front node of the lens. This can
be done by pointing a telescope, equippe!
with a Gauss eyepiece, along this line aud
adjusting the test pinte seating surface( wl&‘;
an optical fiat and the Gauss ayepiece) until
it is perpendicular to the line of sight The




addition of this step enables one to measure
prism angle. When measuring distortion at
finite distances the plane of the targets must
be parallel to the test plate. Mathematical
means for adjusting the measurements may
be used to eliminate error from this source.
If the distortion is to be measured for an
chject at a finite distance, the targets shall
be set up at the required distance as speci-
fied. The test procedure is the same as for
the object at infinity, except that the distor-
tion is determined on the bacis of paraxial
or calibrated magnification.

5.1.2.16.2 Method £6 — Collimator bank
method. This method is intended for use with
lenses mounted either in cameras or in test
barrels. Method 26 is similar to method 25,
except that a bank of collimators containing

targets shall be used instead of a target’

range. :

5.1.2.16.3 Method 27 — Stngle collimator
photographic method. In some cases where
high precision is not required, a single col-
limator may be used in conjunction with a
test plate as in method 26. In this method,
either the collimator or the lens and the test
plate shall be rotated through the required
field angles about the center of the entrance
pupil of the lens.

5.1.2.16.4 Method 28 — Nodal slide meth-
od. This is a visual test method and may be
used, when specified, for lenses mounted in
barrels. The lens to be tested shall be prop-
erly placed on the nodal slide of an optical
test bench and eentered so that its optical
axis is nearly coincident with the axis of the
microscope. Distortion for a particular angle
shall be measured by the lateral displacement
of the observing microscope required to cen-
ter the target at each angular setting. At
each angle 8, the microscope shall be dis-
placed along its horizontal axis by the dis-
tance f(l-cos B)/cos § away from the lens.
This refocusing ts not necessary if a fiat fieid
bar is used. To obtain the value of distortion,
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the lateral distance through which the micro-
scope shall be displaced must be divided by
the cosine of the angle at which the distortion
is being measured. Because of inaccuracies
present in most optical benches, it is desir-
able to make each measurement at the same
indicated angle on each side of the axis and to
average the two microscope readings obtain-
ed before computing distortion.

5.1.2.16.5 Method 29 — Goniometer meth-
od. This is & visua! method intended for use
with lenses mounted in cameras. An ac-
curately calibrated test object on glass, usual-
ly in the form of a scale or grid, shall be
placed in the plane of best definition of the
lens to be tested and illuminated in a direc-
tion toward the lens to be tested. This test
object must be flat, properly centered, and
perpendicular to the optical axis. The lens
and illaminated test object shall be placed in
the goniometer so that the axis about which
the angles are measured passes through the
center of the entrance pupil of the Jens. The
telescope of the goniometer shall be pointer
at successive points on the test object and
the field angles determined. (The telescope
ahall not be refocused during the run of
measurements.) From the focal length of
the lens being tested and the calibration of
the test object, the angles subtended by the
various points on the test object can be
computed. Distortion then can be computed
in terms of the difference in angles on the
object side and image side: this distortion
in turn can be converted into the standard
form. (See 5.1.2.3.) By adjusting the focus
of the telescope, this method can be expand-
ed to include some cases in which the test
object is in 2 plane corresponding to some
finite magnification. Care should be exercised
to insure that the cone of light from the
test lens is included in the entrance nupil
of the telescope.

5.1.2.16.6 Method $0 — Projection meth-
od. This method is intended primarily for
testing projection lenses. A test ohject simi-
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‘ar to the one used in method 29 shall be
placed in the object plane of the lens to be
tested and projected onto a suitable screen.
Measurements shall be made of the projected
image of the test object. The distortion shall
be computed in terms of the test object. Care
should be taken to insure that the screen
and test object are perpendicular to the op-
tieal axis of the lens and that the test ob-
ject is flat and properly centered. The cone
of light from the projection lamp shall com-
pletely fill the projection lens, and the test
cbject shall be uniformiy illuminated. The
sign of distortion is reversed from theory on
projection through a lens and measured at
the Jong conjugate.

5.1.2.16.7 Tangential distortion. Any of the
six methods for measuring radial distortion
may be modihed to measure tangential dis-
tortion by considering the displacement of
image points perpendicular to 2 radius from
the center of the field. The magnitude of
tangential Jdistortion varies from zero along
one diameter to a maximum along an orien-
~ tation 90 degrees to the diameter of zero

distortion. Therefore, when required, tan-
gential distortion shall be measured for two
axial orientations of the lens, and the orien-
iation f or maximum tangential distortion
computed.

51217 Prism effect. To measure the
prism effect in terms of a thin equivalent
prism of vertex angle a, use is made of the
fact that oblique rays are deviated by the
prism more than, and in the same direction
as, the axia! ray. An assumption is made
that the axial ray makes only a small angle
with the normal to the surface of the prizm
(or the prism may be assumed to be in the
minimum deviation for the axisl ray). If the
camera under test is used to photograph
three collimators or distant targets, one
axisl and the other two makine angles +8
and —p with the axis, the distances from
the O degree image to the +3 image and
from the O degree image to the —8 image

are different in the presence of a prism
effect. This difference is measured on the
negative. Under the assumptions made, the
analytical expression for this difference is:

a = f[tan (B + e) — tan (8 — e)
-— 2 tan e}
(26)

where f is the equivalent focal length of the
lens, e is the deviation of the ray making

_B with the axis (within a close approxima-

tion the deviation is the same for +p and
—pB), and e, = a/2 is the deviation of the
axial ray. Tables for A can be computed for
various values of {, S, and a The measured
and tabulated values of A are compared, and
the corresponding a is evaluated.

5.1.2.18 Spherical aberration.

5.1.2.18.1 Method 81 — Annual ring or
Hasrtmann disk method. When spherical
aberration is specified in terms of change in
focal position for zones of different radii, a
Hartmann disk (a plate covering a front of
the lens with holes at the different zones)
or aperture consisting of open annular rings
will be piaced over the front of the lens and
properly centered. Either a photographic or
visual method of determining the difference
in focal positions for different zones may be
used. Various modifications of these meth-
ods and other methods may be employed,
such as a knife-edge test or interferometric
method. When measuring spherical aberra-
tion for an object st infmity, the target
which is imaged by the test lens may be
placed in a coltimator or a distance at least
o5 times the focal length of the lens to be
tested.

5.1.2.182 Method 3¢ — Stopped-aperture
method. When spherical abervation is spe-
cified in terms of the difference between the
best focus st maximum aperture and st 2
designated reduced sperture, s nodal slide
optieal bench or an autecollimation method
may be used to determine the difference in




these focal positions. A focusing microscope
provided with & scale indicating distance
along the axis of the microscope may also be
used. The target which is imaged by the test
lens may be placed either in 8 collimator or at
a distance at least 25 times the focal Jength of
the lens to be tested. (In the latter case the
EFL or BF of the lens is the conjugate ob-
ject distance.)

5.1.2.19 Veimg plare.'

5.1.2.19.1 Method $3 — Photographic black
spot method. Veiling glare may be measured
by means of an apparatus photographing the
test field as specified herein. The test field
shall consist of a bright Lambert’s law sur-
face containing a perfectly black spot. For
the purposes of this test, a perfectly black
spot will be one whose luminance is not
greater than 1/108 of the luminance of the
bright surface when measured from the posi-
tion of the lens. The black spot shall be cir-
cular, and, except as noted below. its dia-
meter shall subtend an angle of 1 degree
+ 5 minutes at the lens under test. For test-
ing lenses of types 1, II, III, and V {or cone
and camera assemblies with these lenses),
the bright field shall be of an infinite extent.
This may be provided by a large integrating
box of uniform luminance within an angle
of 2 = steradians. For testing lenses of
other types (or instruments with these
Jenses) the bright field shall be limited to the
field to be covered in actual use. The spectral
distribution of light coming from the bright
field shall be equal to davlight (for types 111
and V lenses), or may be modified by a vel-
low filter (for tvpes 1 and II lenses), or be
equivalent to the light from a source which
is 2 gray body at 2848° K (for lenses and
instruments normallv used with a tungsten
cource). For inctruments which are not nor-
mallv used with the sources specified ahove.
the bright field shall have a spectral distri-
bution similar to that of the snurce used
with the instrument. There shall he no sub-
stance other than air between the test field
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and the lens or its attached filter. For testing
lenses (or Jens-cone and lens-camera assem-
blies) used to photograph distant objects, the
black spot must be at a distance from the
lens not shorter than 10 times its focal
length. For lenses used with relatively short
object distances, the black spot sha!l be at the
normally used distance from the lens. For
testing cameras that permit easy focusing or
inctruments used with short object distances,
the image of the black spot shall he sharply
in focus in the film (or paper) plarle of the
camera or of the instrument, respectively.
For testing lenses of lens-cone assemblies
which have no focusing mechanism, the test
apparatus shall be provided with a movable
film holder for sharp focusing of the image
of the black spot. If the focal length of the
lens is too short to produce an image of at
least 1 millimeter diameter with the 1-de-
gree black spot, the black spot shall be in-
creased in size so that the diameter of its
image becomes approximately, but not less
than, 1 millimeter. In lens-camera assemblies
focused for infinity and having no focusing
adjustment, the image of the black spot will
be necessarily out of focus in the focal plane
of the camera. The image will have a dark
center where there are no out-of-focus rays
from the bright field, provided that the
diameter of the black spot is greater than
the aperture of the lens under test. The 1-
degree black spot shall be at such e distance
from the lens that the diameter of the dark
center of the out-of-focus image shall be ap-
proximately, but not less than, 1 millimeter.
The reguired distance hecomes infinity for a
lens of 57.2 mm focal length and it still may
be too great for a practical instrumentation
with lenses of somewhat longer focal lengths.
For lenses of focal lengths shorter than §7.3
mm, the requirement of 1 millimictsr image
diameter cannot be met with the l-degree
spot at any real distance. In these cases, the
black spont shall he increased in size and
placed at such a distance that the diameter
of the dark center of the out-of-focus 1mage
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shall be approximately, but not less than, 1
millimeter, and the outside diameter of the
out-of-focus image shall be not greater than
2 millimeters. When the 1-degree black spot
is used, measurements shall be made of the
iluminance in the dark center of the image
of the black spot and of the illuminance in
the image of the bright field at 1 degree 30
minutes from the center. In the cases where
a larger black spot must be used, the illumi-
nance of the image of the bright field shall
be measured at 1.5 millimeters from the cen-
ter of the image of the black spot. In either
case the value of the illuminance of the

image of the bright field shall be the mean
of two measurements taken at the specified
distance on the opposite sides of the dark
image. Photographs of the test field shall be
made on the emulsion to be used with the
instrument. (Light scattered back into the
instrument by the emulsion can contribute
significantly to veiling glare. Hence, any
test method must provide a reflecting surface
similar to the unexposed emulsion over prac-
tically the entire film plane.) Measurements
shall be mgde at full aperture, and any other
aperture specified, with the black spot on
axis and at other positions in the field of the
instrument, including positions near the
edges and corners of the field. Any area
which may be affected by reflections from
asymmetrical structures between the object

plane and the film plane shall be investigated.
The percent veiling glare shall be calculated
for each position in the field, and variations
of veiling glare with position in the field
shall be presented in a table or graph for
each aperture tested. Any significant asym-
metries shall be recorded. A well-controlied
method of photographic photometry shall be
used to obtain the ratio of the illuminances
of the image of the black spot and the adja-
cent image of the bright field. One of the
methods is to use a density step-wedge. This
shall be placed over the image of the bright
field adiarent tn the image of the black spot,
and a photograph of the test field shall be

36

taken. Densitometric readings ehall be made
on the image of the black spot and on the
images of the two steps which produced the
nearest higher and lower densities than the
density of the image of the black spot. By
interpolation, the density mecessary in the
step-wedge to produce the density of the
image of the black spot shall be found. This
density of the step-wedge is equal to the
logarithm of the ratio of illuminances of the
bright surround (E,) and of the image of
the hack spot (E,). The veiling glare is
then comnputed as:
E,

=

V = 100 %
E.

(27)

5.1.2.19.2 Method 84 — Photographic black
strip method. The apparatus and procedure
used in this method are the same as in meth-
od 33, except that a black strip is used in-
stead of a black spot. The limitations imposed
on the width and distance of the black strip
are the same as specified for the diameter of
the black spot. The length of the strip shall
subtend at the lens the maximum total angle
to be covered by the lens in actual use. Meas-
urements shall be made along the image of
the black strip at.various distances off axis
up to the maximum angle covered by the
lens to find the distribution of veiling glare
across the field. In the case when an out-of-
focus image of the black strip must be used
for testing, some out-of-focus rays from the
bright field will pass through certain areas
at the ends of the image of the black strip.
The extent of these areas shall be deter-
mined, and thev shall not be used for meas-
urements.

5.1.2.19.3 Method 85 — Photoelectric
method. This method uses the same appara-
tus of methods 5 and 6, except that a light-
sensitive measuring device of spectral sensi-
tivity characteristics similar to those of the
sensitive photographic material, which is
normally used with the jens under test, shall




be used in the image plane of the test ap-
paratus.

5.1.2.20 Condenser performance. The con-
denser shall be set up to simulate the equip-
ment in which it is to be used, and the image
of a designated format shall be projected on
a screen. The uniformity of screen iliumi-
nance and total light output shall be meas-
ured with a foot-candle meter and shall be
as designated for the particular application.

5.1.2.21 Beauty defects. When inspecting
for scratches and digs, a reference standard
glass containing graded scratches and digs
used as a guide shall be used. The accep-
tance standards on all beauty defects shall
be determined by the individual application.

5.1.2.22 Centration. When inspecting lens-
es for errors in centration, compliance with
the requirements on resolving power, tan-
gential distortion, and prism effect shall be
of primary consideration. The lens examined
should be tested across 2 field diagonal which
gives the lowest resolution or maximum tan-
gential distortion, whichever is the most im-
portant considering the use for which the
lens is intended. Routine inspection, based
on off-axis star irmages, may be substituted
for photographic methods when properly
correlated.
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Copies of specification, standards, drawings, and
publications required by contractors in connection
with specific procurement functions shouid be ob-
tained from the procuring activity or as directed
by contracting officer. '

Copies of this standard for military use may be
obtained in the foreword to the Index of Military
Specifications and Standards.

Copies of this standard may be obtained for other
than official use by individuals, firms, and contrac-
tors from the Superintendent of Documents, U. 8.
Government Printing Office, Wuisington 25, D. C

Notice. When Government dra\s'ings, specifications,
or other data are used for any purpose other than
in connection with a definitely related Government
procurement operation, the United States Goveru-
ment thereby incurs no responsibility nor any obli-
gation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use, or sell any pa-
tented invention that may in any way be related
thereto.

Preparing activity:
Alr Force

Other interest:
International

Other custodians:
Army—Signal Corps
Navy—Bureau of Aeronzutics
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APPENDIX
10. REFERENCE MATERIAL

10.1 GENERAL. The materia! covered in
this appendix does not form a part of this
standard. It is provided, primarily, as refer-
ence materia] for assistance in the procure-
ment and inspection of photographic lenses.
Sugpestions concerning requirements related
to some mechanical details and other fea-
tures are given. A reference list intended for
use by those preparing specifications and

) procurement documents is also provided.

102 LENS MOUNTING, AND OTHER
REQUIREMENTS.

1021 Mounted in e cell. When specifying
members mounted in a cell for a multiple
cell lens (usually two cells, front and rear)
the following details should be specified:

8. Cell separation or the correct should-
er-to-shoulder mounting distance
(sometimes called barrel] length)
shouid be suppiied with each iens
by the manufacturer.

b. Dimensions and details of the cells.

¢. Dimensions and details of the mount-
ing parts (threads, etc.).

10.2.2 Mounted tn a barrel. When specify-
ing & lens mounted in a barrel the following
details should be specified:

a. Length of the threaded portion of the
barrel.

b. Whether barrel shall be furnished
with a threaded ring. If threaded
ring is required, dimensions and
details such as mounting holes or
means of securely setting at any
position along the threaded por-
tion of the barrel.

c. Whether barrel shall be provided with
a fixed fiange. I{ Qange is requir-

3k

ed, dimensions and details such
as mounting holes,

10.2.3 Mounted tn a shutter. When specify-
ing a lens mounted in a shutter the follow-
ing details should be specified:

a. Requirements of shutter (speeds, ef-
ficiency, etc.).

b. Methods of attaching shutter to
camers.

¢. Dimensions and details of shutter.

d. Threads (if required) for attaching
lens to shutter and shutter to
camera.

e. Special ghutter features (self-timer,
sychronizer, etc.).

10.2.4 Mounted in a cone. When required,
a lens, may be mounted in a lens cone. When
required, the following details should he
specified :2*
a. Details and dimensions of the cone-
camera seating surface.

b. Distance from cone-camera sealing
surface to focal plane.

¢. Focusing means within the cone.

d. Mechanical details and dimensions of
the cone adapter.?*

e. Any additional mechanical details and
dimensions deemed necessary.

10.2.5 Mounied in a focusing mount. When
specifying a lens mounted in a focusing
mount the following details should be spe-
cified:

® In thoar canem in which the rear surfsce of the cone and
focal plane onincide (for example. cartographic cameran), de-
wails esneerning sttachment of the cone to camern should br
aupplied

* A cone adapier is defined aa o detachable part of the cone
whith may bs renlacsd 1o previde for wsing the ctone on dif.
{erent caweras




a. Flange focal distance (see 3.1.7).

b. Range of focus and accuracy of scale.
(See Cin 4.15.3.)

¢. Whether or not the lens may rotate
when focusing.

d. Whether or not the lens may focus by
separation of the members.

e. Method and details concerning the
mounting of the focusing posts.

f. Dimensions and details of the mount-
ing surface.

g. Other mechanical details and dimen-
sions deemed necessary.

10.2.6 Diaphragm. When specifying a lens
which is mounted in a barrel, in a cone, in &
focusing mount or shutter, which requires
a diaphragm, the following details should be
specified:

a. Type of diaphragm (iris or other,
number of leaves, etc.).

b. Dimensions and details.

c. Type of marking and calibration (f-
stop, T-stop, aperture ratio).

d. Related features (click stops, dia-
phragm control in the form of a
ring gear for remote control.
tota] angular travel and angle
corresponding to each stop mark-
ing, limit stop to prevent closing
to too small an aperture, etc.).

10.2.7 Statistical data end quality control.
When required, it may be specified that the
contractor shall supply to the procuring ac-
tivity, a detailed record of the statistical
facts concerning specified attributes and
variables. These quality records should in-
clude lot sizes, sampling size, Acceptable
Quality Levels, acceptance and rejection
numbers, incidence of defectives, and other
pertinent data such as quality control charts
on attributes and varisbles affecting final
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performance and instaliation. When requir-
ed, the classification of defects should be as
specified. Sampling requirements should be
clearly stated in the specification or procure-
ment document and should be in accordance
with MIL-STD-105.

10.2.8 Number of lenses to be destroyed.
The specification or procurement document
should clearly state the number or percent
of & given order to be given any destructive
tests.

10.2.9 Packaging. Detail packaging re-
quirements should consider the type and size
of lens to be packaged as well as its intended
destination.

10.2.10 Markings. Details concerning the
extent to which a lens should be marked and
the manner of marking the packages should
be given in the specification or other pro-
curement document.

10.3 ORDERING DATA REFERENCE
LIST.

10.3.1 Reference list. When preparing spe-
cifications or other procurement documents,
the following reference list should be used.
The first four items are identification re-
quirements which govern, in general, the na-
ture of the lens and provide a limited de-
scription. The remaining items concern per-
formance charactertistics, physical and me-
chanical features, markings, testing, and
packaging. “R” under a panticular lens type
signifies that requirements concerning this
feature are required to be specified. “O”
signifies that consideration of this feature is
optional. “A” signifies that additional tech-
nical details are required in the specification
to make proper use of this feature. “X" im-
plies that this item is not usually applicable
to the lens.
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Method of measuring distor-

tion (Bee 5.1.2.16) ........ 0 R O R
Method of measuring spherical

aberration (See 5.1.2.18) .. O 0O O 4]
Method of measuring veiling

glare (See 5.12.19) ... ... o 0O O 0
Method of mesasuring beauty

defeets (See 51.221) ..... R R R R
Environmental tests ... ..... R R R R
Preservation ............... R n R R
Unit Packaging ............ R R R R
Exterior pacdng ............ R R R R
Cushioning ............... .. R I R R
Overseas packing ......... .. R P R R
Domestic packing ........... R P R R
Package marking ........... n | (S R

104 REFERENCES.

104.1 List of nommandatory referemces.
The following lists are for information only,
and are not to be considered applicable to
this standard in any other sense. These docu-
ments will not be supplied by the procuring

activity.
10.4.11 American Standards Association.

PH8.10-1954 — Threads for Attach-
ing Mounted Lens-
es to Photographic
Equipment.

PHS8.12-1953 — Attachment Threads
for Lens Accessor-
ies, Specifications
for.

PHS8.14-1944 — Front Lens Mounts
for Cameras, Di-
mensions of.

PHB8.16-1947 — Resolving Power of
Lenses for Projec-
tors for 856-mm
Slide Film and 2 x
2-Inch Slides, Meth-
od for Determin-
ing.
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PHS820-19556 — Focusing Camera

Lenses, Distance
Seales for.

PH38.25-1948 —Parts of a Photo-
graphic  Objective
Lens, Nomenclature
for.

222.28-1946 — Projection Rooms and
Lenses for Motion
Picture Theaters,
Dimensions for.

PH22.53-1968 — Method of Determin-
ing Resolving Pow-
er of 16-mm Mo-
tion-Pictare Projec-
tor Lensea.

PH22.76-1951 — Mounting Threads
and Flange Foeal
Distaneces for Lens-
es on 16-Millimeter
and 8-Millimeter
Motion Picture Ca-
meras.

PH22.90-1958 — Motion-Picture Lens-
. es, Aperture Calh-
bration of.




.(

738.4.4-1942 — Focal Lengths of
Lenses, Marking.

738.4.7-1950 — Lens Aperture Mark-
ings.

738.4.20-1948 — Apertures and Relat-
ed Quantities Per-
taining to Photo-
graphic Lenses,
Methods of Desig-
nating and Measur-
ing.

738.4.21-1948 — Focal Lengths and
Focal Distances of
Photographic Lens-
es, Methods of Des-
ignating and Meas-
uring.

Z38.7.5-1948 — Printing and Projec-
tion Equipment,

Methods of Testing.

— Photographic Enlarg-
ers, Methods for
Testing. -

738.7.6.-1950

10.4.1.2 National Bureau of Standards.

Precision Camera for Testing Lenses, 1. C.
Gardner and F. A. Case, J. Research N.B.S.
18, 449 (1937) RP 984.

Resolving Power and Distortion of Typi-
cal Camera Lenses, F. E. Washer, J. Re-
search N.B.S. 22, 729 (1939) RP 1216.

Locating the Principal Point of Precision
Airplane Mapping Camera, F. E. Washer, J.
Research N.B.S. 27, 405 (1941) RP 1428.

Measurement of the Refractive Index and
Dispersion of Optical Glass for Control of
Product, H. L. Guruvitz and L. W. Tilton, J.
Research N.B.S. 32, 38 (1944) RP 1572

Region of Usable Imagery in Airplane-

Camera Lenses. . E. Washer, J. Research
N.BCO24,178 1040 TP 1RRA

Refractive Index Standards of Fluocrown

L
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Glass, L. W. Tilton, J. Research N.B.S. 34,
599 (1945) RP 1659.

Compensation of the Aperture Ratio Mark-
ings of a Photographic Lens for Absorption,
Reflection, and Vignetting Losses, 1. C. Gard-
ner, J. Research N.B.S. 38, 643 (1947) RP
1803,

Validity of the Cosine-Fourth-Power Law
of Illumination, 1. C. Gardner, J. Research
N.B.S. 39, 213 (1947) RP 1824.

Sources of Error in and Calibration of the
F-number of Photographic Lenses, F. E.
Washer, J. Research N.B.S. 41 (1948) RP
1927,

Research and Development in Allied Optics
and Optical Glass at the National Bureau of
Standards, Miscellaneous publication 194,
July 1949, by 1. C. Gardner and C. H. Hah-
ner.

An Instrument for Measuring Longitudin-
al Spherical Aberration of Lenses, F. E.
Washer, J. Research N.B.S. 43 (1949) RP
2015.

Calibration of Precision Airplane Mapping
Camera, F. E. Washer and F. A. Case, J. Re-
search N.B.S. 45, 1 (1950) RP 2108.

Method for Determining the Resolving
Power of Photographic Lenses, F. E. Wash-
er, and I. C. Gardner, N.B.S. Circular 533,
May 1953. Supplement to N.B.S. Circular
533, two sheets of test charis

Sources of Error in Various Methods of
Airplane Camera Calibration. F. E. Wash-
er, N.B.S. Report 2534, June 1953.

Optical Image Evaluation, N.B.S. Circular
526, 29 April 1954.

A Study of Image Contrast as a Function
of Frequency at Three Object Contrast
Levels for Nine Wide Angie Lenses, F. W,
Rashorry, NP S Rapart 2204 Der 1954

A Simplified Method of Locating the Point
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of Symmetry, F. E. Washer, N.B.S. Report
4278, August 1955,

Evaluation of Distortion by the Inverse
Nodal Slide, F. E. Washer, N.B.S. Report
4690, May 1956.

Effect of Camera Tipping on the Location
of the Principal Point, F. E. Washer, J.
Research N.B.S. 67 (1956) RP 2691.

10.4.1.8 Journal of the Optical Society of
America.

Effects of Temperature and Pressure on
the Focus of Aerial Cameras, E. B. Wood-
ford and R. N. Nierenberg, 25, 619 (Oct
1945).

Effective Aperture of 2 Photographic Ob-
jective, R. Kingslake, 35, 518 (Aug 45).

Proposed Method of Specifying Appear-
ance Defects of Optical Parts, J. H. Mcleod
and W. T. Sherwood, 85, 186 (Feb 45). -

The Measurement of Transmission and
Contrast in Optical Instruments, D. E.
McRae, 23, 229 (Apr 43).

Tumination in the Focal Plane, F. Ben-
ford, 81, 362, (May 41).

A Classification of Photographic Lens
Types, R. Kingslake, 36, 251 (May 46).

Autocollimator for Precise Measurements
of the Flange Focal Distance of Photo-
graphic Lenses, M. G. Townsley and P. C.
Foote, 87, 42 (Jan 47).

A Method for Making Precise Resolution
Measurements, H. S. Coleman and W. S.
Harding, $7, 263 (Apr 47).

Mlumination in the Focal Plane of a
Camera Lens, P. Clancy, 37, 906 (Nov 47).

Lens Design and Tolerance Analysis
Methods and Results, P. C. Foote and R. A.
Woodson, 88, 590 (Jul 48).

Notes on the Cos* Law of Illumination,
M. Reiss. 88 980 (Nov 48).

Method of Measuring the Contrast Ren-
dition of Telescopic Systems, H. S. Coleman,
G. W. Arnold, Jr., and W. O. Luedecke, 39,
864 (Oct 49).

Photogrammetric Errors from Camers
Lens Decentering, P. D. Carman, 39, 951
(Dec 49).

Brightness of Fine Detail in Air Photo-
graphy, P. D. Carman and R.AF. Carruth-
ers, 41, 305 (May 51).

New Resolving of Power Test Chart, F.
E. Washer and F. Roseberry, 41, 637 (Dec
49). :

Spurious Resolution of Photographic
Lenses, R. Hotchkiss, F. E. Washer, and F.
Roseberry, 41, 600 (Sep 51).

A Collimator with Variable Focal Length
and Tilted Test Plate for Testing Cameras.
P. J. Lindberg, 42, 748 (Oct 52).

Lens Testing Bench, K. Leistner, B.
Marcus, and B. W. Wheeler, Jr., 43, 44 (Jan
63).

On the Flare of Lenses, G. Kuwabara, 43,
53 (Jan $3).

Air Photography, D. E. MacDonald, 43,
290 (Apr 63).

The Relative Photographic Efficiency of
Certzein Light Sources, R. N. Wolfe and F.
H. Milligan, 43, 791 (Sep 53).

Studies in the Resolving Power of Photo-
graphic Emulsions, F. H. Perrin and J. H.
Altman:

1 The Design and Performance of
an Apochromatic Resolving-Power
Camera Objective, F. H. Perrin
and H. O. Hcadley, 38, 1040 (Dec
48).

II The Resolving Power Cameras in
the Kodak Research Laboratory,
11, 265 (Apr 51).

11T The Effect of the Relative Aper-




N .

ture of the Camers Lens on the
Measured Value, 41, 1038 (Dec
61).

IV The Effect of Development Time
and Developer Composition, 42,
455 (Jul 62).

V The Effect of Reduction and In-
tensification, 42, 462 (Jul 62).

V1 The Effect of the Type Pattern
and the Luminance Rsatio in the
Test Object, 48, T80 (Sep 53).

Condition of Equal Irradiance end the
Distribution of Light in Images Formed by
Optical Systems without Artificial Vignet-
ting, F. Wachendorf, 48, 1205 (Dec 53).

Problem of Evalusting a2 White Light
Image, R. E. Hopkins, Susanna Oxley, and
J. Eyer, 44,-692 (Sep 54).

Variation in Distortion with Magnifica-
tion, A. A. Magill, 45, 148 (Mar 55).

Photographic Resolving Power and Aber-

rstions of Lenses, N. Murcott and H. T.
Gottifried, 45, 434 (Jun 55).

Theory of the Integrating Sphere, J. A.
Jacquez ‘and H. F. Kuppenheim, 45, 460
(Jun 55).

Resolving Power of Photographic Emul-
sions, P. Hariharan, 46, 315 (May 56).

Studies of the Image Formed by Lenses,
G. ‘Kuwabara:

I On the Characteristics of an Image
and Their Quantitative Representa-
tion, 45, 309 (Apr 55).

I The Effect of Spherical Aberration
Optical Images, 45, 625 (Aug 55).

10.4.14 Photogrammetric Engineering.

The Interpretation and Uses of Lens Tests
and Camera Calibration, I. C. Gardner, III,
18 (Mar 87).

The Significance of the Calibrated Focal
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Length, 1. C. Gardner, X, 22 (Mar 44).

The Calibration of Air Cameras in
Canadsa, R. H. Field, XII, 142 (Jun 46).

AMC Research on Resolution and Distor-
tion, P. L. Pryor, XII, 888, (Dec 46).

Resolving Power of Photographic Lenses,
K. Pestrecov, XIII, 64 (Mar 47).

Tangentia] Distortion and 1lts Effect on
Photographic Extension of Control, J. T.
Pennington, XIII, 185, (Mar 47).

Field Camera Calibration, E. L. Merritt,
XTIV, 803 (Jun 48).

Report of Commission I, Photography, to
the Sixth International! Photogrammetry
Congress, XIV, 229 (1948).

Field Calibration of Aerial Mapping
Cameras, E. D. Sewell, XIV, 863 (Sep 48).

Resolution, Distortion and Calibration of
Air Survey Equipment, L. E. Howlett, XVI,
41 (Mar 50).

Calibration of Precision Airplane Map-
ping Cameras, F. E. Washer and F. A. Case,
XVI, 502 (Sep 50).

The Fairchild Precision Camera Calibra-
tor, C. L. Norton, XVI, 688 (Dec 50).

Illuminance in the Focal! Plane of Aerial
Camerzs, P. A. Tate, XVII, 19 (Mar 51).

Calibration of Survey Cameras and Lens
Testing, D. E. MacDonald, XVII, 383 (Jun
51).

Methods of Field Camera Calibration, E.
1.. Merrit, XVII, 610 (Sep 51) and XVIII,
655 (Sep 52).

The Effect of Target Oontrast on the
Focus and Performance of the Metrogon
Lens, H. A. W. McGee, XVIII, B48 (Dec 52).

Distortion — Planigon Versus Metrogon,
E. D. Sewell, XX, 54 (Mar 54).

Differences Between Visual and Tholo-
graphic Calibration of Air Survey Cameras,
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P. D. Carman and H. Brown, XXII, 628
(Sep 56).

A New Look at Lens Distortion, J. G.
Lewis, XXII, 666 (Sep 56).

Sources of Error in Various Methods of
Airplane Camera Calibration, F. E. Washer,
XXII, 727 (Sep 56).

10.4.1.6 Journal of the Society of Motion
Picture and Television Engineers.

Technique for Testing Photographic
Lenses (Nov 38).

Report of the SMPTE Subcommittee on
Lens Calibration, 53, 368 (Oct 49).

Diffuse and Collimated T-numbers. A Re-
view and Description of New Equipment,
A. E. Murray, 56, 79 (Jan 51).

Image Gradation, Graininess and Sharp-
ness, in Television and Motion Picture Sys-
tems, O. H. Schade, 58, 181 (Mar 52).

10.4.1.6 Photogrammetria.

Distortion Principal Point, Point of Sym-
metry and Calibrated Principal Point. R.
Roelofs, 11 (1950-1961).

Report of International Commission J—
Proposal for International Photogram-
metric Lens Tests, ITI (1950-1951).

A New Method for the Determination -of
the Distortion and Inner Orientation in
Cameras and Projectors, B. Hallert, XI
(1954-1955).

10.4.1.7 Proceedings Physical Society.

The Measurement of Aberrations (July
1944).

The Performance of Aircraft Camera
Lenses, EWH Selwyn_and J. L. Tearle,
LVIII, 493 (1946).

10.4.1.8 Photo Technique.

Lens — Emulsion Performance — R. L.
Willisma, 2, 50 (Nov_ 1940).

Measuring the Resolving Power of Lenses,

46

C. W. Kendall and B. A. Schumacher, 3,
(April 1841).

10.4.1.9 Microtenic.

Standardization of the Test Methods for
Photogrammetric Objectives — H. Kasper,
IT1, No. 5 (1949).

10.4.1.10 Photographic Journal.

Accuracy of the Image, J. L. Tearle, 87B,
132 (Nov.-Dec 1947).

The Photographic and Visual Resolving
Power of Lenses, E. W. H. Selwyn, 88B, 6
and 46 (Jan.-Feb. and May-June 1948).

Criteria of Image-Forming Auality in
Photographic Objectives — W. Weinstein,
91B, 188 (1851).

10.4.1.11 Photographic Engineering.

Lens Speed has a Limit, C. W. Kendasll,
Vol 4, 25 (1953).

Computing the Area Weighted Average
Resolution of Photographic Lenses — K.
Leistner, Vol 4, 162 (1853).

A Study of the Information Capacities of
2 Variety of Emulsion Systems, R. A. Kar-
das, Vol 6, 190 (1955).

10.4.1.12 Department of Defense Publica-
tions.

10.4.1.12.1 Department of the Navy.
Photographic Interpretation Center:

Introduction to Camera Ca)ibration—-Re—
port No. 127-50.

Goniometer Method of Camera Calibra-
bration—Report No. 128-50.

Collimating Camera Method of Camera
Calibration—Report No. 129-50.

Photographic Goniometer Method of
Camera Calibration—Report No. 180-50.

Star Exposure Method of Camera Calibra-
tion—Report No. 131-50.

-




Terrestrical Exposure Method of Camera
Calibration—Report No. 182-60.

10.4.1.12.2 Department of the Army.

Tangential Distortion, R. G. Livingston,
Engineering Research and Development
Laboratory Report 1219 (Nov 1951).

10.4.1.12.8 Department of the Air Force.

Photographic Lens Testing, R. N. Nieren-
berg, Air Material Command M. R. No. Eng.
—59-8341-413-16 (May 44).

10.4.1.13 Books.

Summary Technical Report of NDRC
(OSRD) Division 16, Volume 1, Optical In-
struments.

11
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Method de Control, Congress Internation-
al de Photogrammetrie LeHaye, 1848, Paris
Institute Geographique National

Canadian Standards Associstion 27.0.4.1
—1851, Specification for Standard Method
of Determining Veiling Glare in Photogra-
phic Systems.

Photo-Electricity, V. K. Zworykin and E.
G. Ramberg, John Willey & Sons, Inc. 19649.

Manual of Photogrammetry, American
Society of Photogrammetry, George Banta
Publishing Co., 1952.

Physical Aspects of Air Photography, G.
C. Brock, Logmans, Green and Col, 1952.

The Theory of the Photographic Process,
C. E. Mees, The Macmillan Co., 1954.



B4 N T

MiL-STD-150A
12 May 1959

INDEX

A

Ahbe v number, 1.7.42.2
Aburration, Jateral chromatic, 3.6.4.2, 5.1.2.142
longiodinal chromatie, 3.6.4.1. 5.1.2.14.1
spherical, 3.6.2, 5 L2IR
Achromat, 3.7.1.1
Air bells, 3.83.12
Anastigraat, 3.7.1.2
Angles, nbliquity, 3.6.7.4
Annular ring or Hartmann disk method for measur-
ing spherical aberration 5.1.2.78.1
Aperture, clear, 3.2.4
and related quantities, 3.2
effective, 3.2.3, 5.1.2.9
front operating, 3.2.7
marking, 4.1.3
maximum, 4.1.3
numerical and corresponding f-nuraber, 51.1.2
ratio, 3.2.2, 5.1.2.8
rear operating, 3.2.8
relative, 3.2.5 )
stopped—, method, for measuring spherical aber-
ration, 5.1.2.18.2
Apochromst, 3.7.1.3
Apparatus, test, 5.1.1
Area weighted average resolution (AWAR), 3.6.2.5
Area weighted average T-number (AWAT) 3.2.6.1
Astigmatism and curvature of field, 3.6.3
Autocollimation, principal point of, 3.6.6.4
Axis, mechanical, 3.1.3
of best definition, 3.1.2
optical, 8.1.1
Axes, points and distances, 3.1

)

B

Back focal distance, 3.1.6, 5.1.2.4

Barrel, 34.2, 10.2.2

Beam sections, 3.6.7.3

Beauty defects, 3.8

Bells, air, 3.8.1.1.2

Bench, optieal, 5.1.1.2

Best average definition over the picture area, plane
of (BADOPA), 3.1.2.1.1

Best definition, plane of 3.1.2.1, 5.1.2.1

Birefringence, 3.7.4.3

Blisters, 3.8.2.1

Brilliance, specific, 3.6.10

Bubbles, 3.8.1.1

Burns, 3.8.2.2

C

Calibrated focal length, 3.15 5123
Cell, 34.1, 10.2.1

Cemment starts, 3.8.2.3.

Centration, errors of, 3.6.6.3

4R

Chips, 3824
Chromatic aberration, lateral, 3.64.2, 5.12.142
longitudinal, 3.64.1, 5.1.2.14.1
Coatings, reflection reducing, 312
Collimator, 5.1.1.1
methods, Method 6, T-number and tranzmittance
measurements, 5.1.2.102
Method B, relative illumination meas-
! urements, 5.12.112
Method 11, resolving power messure-
ments, 5121211
—.. Method 26, collimator bank distortion
measurements, 5.12.162
Method 27, single collimator distortion
measurementa, 51.2.16.3
Color contribution, 3.6.8.1
Color correction, 3.6.4, 5.1.2.14
Combination method for measuring equivalent foeal
Jength, 612211
Component, 3.3.3
Coneentration, position of grestest, 8.6.9.1.1
Condenser performance, 5.1.2.20
characteristics, 3.6.11
Condition test, 5.1.1.6
Cone, 34.3, 1024
adapter, 10.2.4
Constructional features, 3.3
Contrast, target, low, 5.1.1.7.3
medium, 5.1.1.7.2
high, 6.1.1.7.1
rendition, 3.6.10
Cords, 3.8.1.82
Cos ¢ law, 3.6.72
Cracks, 3.825
Curvature of field and astigmstism, 5.1.2.18

D

Defects, material, 3.8.1
manufacturing, 3.8.2
Definition, plane of best, 3.1.2.1, 5.1.2.1
over the pirture mrea, plane of best average
(BADOPA), 3.1.2.1)
Densitometric method, for measuring relative illumi-
nation, 6.1.2.11.3
Depthk of focus and depth of field, 8.1.11
Design, name of, 3.3.7
Diaphragm, lens, 2.4.4
marking of, 4.1.1
specifying a, 10.2.6
Digs, 3.8.2.6
Dirt, 3.8.2.7
Dirt holes, 3.8.28.]
Dispersion, 3.7.4.2
Dispereive power, 3.74.2.1
instanes hack forrl, d.im, B17 e
funge foca!, 3.17, 6125




front focal, $.1.8, 5126
front vertex foeal, 3.19, §.12.7
Distortion, 3.6.6, 6.1.2.16
barrel, 3.6.61
pincushion, 3.6.6.1
radial, 3.6.6.1, 51216
tangential, 3.6.62, 5.1.2.16.7
Distorting lens with object at infinity, for comput-
ing relative illumination, §1.2.114.8
with finite object distance, 51.2.11.44
Distortionless lens with object at infinity, for com-
puting relative illumination, 5.1.2.11.41
with fiinite object distance, 5.1.211.42

E
Effect, prism, 3.6.6.5, §1.2.17

Egquivalent focal length, 814, 5122

Errors of centration, 3.6.63

Extended souree method for measuring T-number
and trangmittance, 5.1.210.1 for measuring rel-
ative {llumination, §12111 ’

Flash discharge lamps, 5.1.1.4.1
f-number, 3256.1
marking of 4.1.3.3
Foeal distance, back, 8.1.6, 5.1.2.4
fiange, 3.1.7, £.1.25
front, 3.1.8, 5.1.2.6
frent vartex, 3.1.8, §.1.2.7
Focal Jength, calibrated, 3.1.5, 5.1.2.3
equivalent, 3.1.4, 5.1.22
marking of, 4.1.5
Feoeal shift, 3.69.1
Foeal tilt, 31321
Focws, depth of, 8.1.11
principal, 3.12.2
Focusing mount, lens mountad in a, 1025
Pocusing seales, securacy of, 4.1.5.3
Folds, 3.8.1.4
Formsat sives for air cameras, general cameras, 3.5
Front of photographic jens, 3.8.6
Froat oparating aperture, 827
Front focal distancs, 3.1.8, 5.1.26
Froat vertex back focal distance, $.1.9, 6.1.2.7
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G
Glare, veiling, 3.6.10, 5.1.2.19
Glass, chemical durability, 3.7.4.4
optical, 8.74 —

types, 3.3.9

Gonicmeter method for measoring distortien,
512165

Grayness, 3.8.2.8

). o

Hartmaym disk or annular ring method for measu: -
ing spherical aberration, 5.1.2.18.1

Haze position, 3.6.9.12

High contrast target, 51.1.7.1

I

Diominstion, relative, 8.6.7, §.1.2.11

Image quality, 3.61

Index, refractive, 3.7.41

Indirect computsation method for measuring relative
illuminanee, 5.1.2.11.4

L

Lamps, flash discharge, 5.1.1.4.1
Laps, 3.8.14
Lateral chromatic aberration, 3.6.4.2, 5.1.2.14.2
Lens, front of photographic, 3.3.5
back of photographic, 3.3.6
Light, white, 5.1.1.4
Lines per millimeter, 5.1.1.7
Longitudinal chromatic aberration, 3.6.4.1, §.1.2.14.1
Low contrast target, 6.L1.7.8

Markings, 4.1
Jens, £.1.1
eell, 412
Mechanical and structoral festores, 3.4
Mechanical axis, 8.1.8
Medium contrast targe:, 5.1.1.%.2

Member, 3.32 .
Methods, 1, Equivalent foecal length, r* -tagraphic
method, 5.1.22.1
1A, Equivalent focal length, combinatio~
method, £.1.2.2.1.1
2, Equivalont focal length, nodai siide
method 5.1.2.2 2
8, Fflectivr spertvre, miemorope method,
5.1.29.1
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4,

13,
14,

15,

16,

17,
18,

19,

32,
33-

34,

F.ffective aperture, point sorree method,
51282

T-number and transmittance, extended
souree method, 5.1.2.10.1

T-number and transmittance, collimator
method, 5.1.2.10.2

Relative illumination, extended source
5.1.211.1

Relative illumination, collimator
method, 5.1.2.11.2

Relative illumination, densitometric
method, 5.1.2.11.3

Relative illumination, indirect compu-
tation method, 6.1.2.11.4

Rcsolving power, collimator method,
5.1.2121.1

Renolving power, target range method,
5121212

Resolving power, visual, 512.12.2

Resolving power, projected photogrs-
phic, 5.1.2.12.3

Resolving power, prejected visual,
512124

Astigmatism and curvature of field,
resolving power target method,
5.12.13.1

Astigmatism and curvature of field,
nodal rlide method, 5.1.2.132

Longitudinal chromatic aberration,
photographic method, 5.1.2.14.1.1

lLongitudinal chromatic aberration,
nodal slide method, 5.1.2.14.1.2

Lateral chromatic aberrstion, photo-
graph method, 5.1.2.14.2.1

Lateral chromatic aberration, nodal
slide method, §6.1.2.14.22

Paraxial magnification, photographic
method, 5.1.2.15.1.1

Paraxial magnification, visual method,
5.12.15.1.2

Calibrated magnifieation, 5.1.2.15.2

Distortion. target range method,
51216.1

Distortion, collimator hank method,
5.1.216.2

Distortion, single collimator photo-
graphic method, 5.1.2.16.3

Distertion, nodal stide method, 5.1.2.16.4

Dimortion, goniometer method, 5.1.2.165

Distortion, projection method, 5.1.2.26.6

Spherical aberration, anoulsr ring or
Hartmann disk method, 5.1.2.181

Spherical aberration, stopped-aperture
method, 5.1.2.18.2

Veil'ne glare, photographic black spot
method., 5.1.2.19.1

method, 5.1.2.19.2
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35, Veiling glare, photoelectric method,
5.1.2.18.3 :
Microscupe method for measuring effective aperture,
51291 : '
Milidness, 3.81.5
Miscellaneous features, 3.7
Mold marks, 3.82.9
Monocentric lens, 5.1.2.11.4.5
Mounting, lens, 10.2
in a barrel, 1022
in cells, 1021
in a cone, 1024
in = focusing mount, 10.2.5
with shutters, 1023

N

Noda! slide an optical bench, 5.1.1.2
methods, 2, for measuring equivalent focul
Jength, 5.1.222
17, for measuring astigmatism and cur-
vature of feld 512132
19, for measuring longitudinal chro-
matic aberration, 5.1.2.14.1.2
21, for measuring lateral chromatic
aberration, 5.1.2.14.22
28, for measuring distortion, 5.1.2.16.4
Numerical apertures and their corresponding f-num-
bers, 5.1.1.2

o)

Obliquity angies. 3.6.7.4

Optical axis, 3.1.1

Optical bench and nodal slide, 3.1.2.2
Optical characteristics, 3.6

Optical glass, 3.7.4

Optical system, 3.3.1

Orange peel, 3.8.2.10

Packaging, 10.2.9
Parfocalized, 3.4.6
Peel, orange, 3.8.2.10
Performance designation, 3.7.1
'hotoelectric method of roemsuring veiling glare,
5.1.2.193 .
Photographic black spot method for measuring veil-
ing glare, 5.1.2.19.}
Photographic black strip method for measuring vefl-
ing glare, 5.1.2.19.2
Photographic plates and film, 5.1.1.5
materials and processing, 5.1.2.12.1
Photographic resolving power, 36.2.1, 5.1.2.12.1
projected, 3.6.23. 5.1.2.123
Photographic methods, 1 for measuring equivalent
focal length, 0.1.22.1
0, for Weaturing relative Mominance,
5.12.11:3
11, for measuring resolving power by collima-

-




tor method, §.1.2.12.1.1

12, for messuring resolving power by target
range method, §.1.2.12.1.2

14, for measuring projected resolving power,
5.1.2123

18, for measuring jongitudinal chromatic sber-
ration, 5.1.2.14.1.1

20, for measuring lateral chromatic sberration,
5.12.14.2.1

22, for measuring paraxial magnifeation,
5.1.2.15.1.1

25, {for measuring distortion by target range
method, 5.1.2.16.1

26, {for measuring distortion by collimator bank
method, 5.1.2.16.2

27, for measuring distortion by gingle collima-
tor method, 5.1.2.16.3

31, for measuring spherical aberratiom,
5.12.181

33, for measuring veiling glare by black spot
method, 5.1.2.18.1

34, for measuring veiling glare by bimek strip

method, 5.1.2.192
Plane of best definition, 3.1.2.1
over the picture area (BADOPA), 3.12.1.1
Piane of the receiver, 3.1.3.2
Point source method for measuring effective aper-
ture, 5.i.8.8.2
Polish, poor, 3.8.2.11
Position, haze, 3.6.9.1.2
of greatest concentration, 3.6.9.11
Principal point of autocollimation, 3.6.6.4
Prism effect, 3.6.6.5, 5.1.2.17
Projected photographic resolving power, 3.623
Projected “isual resclving power, 3.6.2.4
Projection smethod for messuring distortion,
5.12.16.¢

Q
Quality control and statistical data, 10.2.7

R

Radial distortion, 5.1.2.16

Radis] resolving power, 3.6.2

Reams, 3.8.1.8.1

Rear operating aperture, 3.2.8

Receiver, plane of the, 8.1.3.2

Referenee list, 10.3.1

Reflection reducing coatings, 3.72

Refraction, double, 3.7.4.3

Refractive index, 3.74.1, 3.8.1.7, 3.8.1.8

Relative ijlumination, 3.6.7, 512.11

Rendition, econtrast, 3.6.10

Resolving power, 3.82
Photographic, 3.2.12.1, 3.6.2.1
prajected, photographic, 3.6.2.3, §.5.2.12.0
projected, test piate, 51.2.12.3
projected, visual, 3.6.2.4, 5.12.12.¢
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taget, 0.1.1.7
target method for measuring astigmatism and
curvature of field, 5.1.2.13.1
visual, 3.622, 5.1.2.122
Run-ins, 3.8.2.3.1

S

Sagittal resolving power, 3.62
Scratches, 3.82.12
Seum, 38213
Sections, beam, 3.6.7.3
Shutter, lens mounted in », 10238
Smears, 3.8.2.13
Spanner wrench openings, 34.7
Specific hrilliance, 3.6.10
Speed, lens, 3.2.1
Spherical aberration, 3.6.9, 5.12.18
Spots, water, 3.8.2.13
Stain, 3.82.14
Statistical data and quality eontrol, 102.7
Stones, 3.8.1.6
Stop, {-, 4.1.3.1, 4.1.3.3
fractional, 4.1.4.3
opening, 4.142
T-, 3.24, 4.1.3.2, 4.1.44
T., area weighted average, 8.2.6.1
tojerance of marking, 4.1.4.4
Stopped-sperture method for measuring
aberration, 5.1.2.18.2
Strain, 3.8.1.7
Stray light, 3.6.10
Strise, 3.8.1.8
Symmetry, point of, 5.1.2.16.1

aphericai

T

Tangential distortion, 3.6.62, 5.12.16.7
Tangential resolving power, $€.2
Target, high contrast, 5.1.1.7.1

jow contrast, §.1.1.7.3

medium contrast, §.1.1.7.2

resolving power, 5.1.1.7

range method, for measuring resolving power,

5.1.2.12.1.2
for measuring distortion, 5.1.2.16.1

Telephoto. 3.38

ratio, 3.1.10
Test apparatus, 5.1.1
Test conditions, 5.1.1.6
Test methods, §.1.2
Titt, feld, 3.1.2.1.2

fange, 3.1.3.1

focal, 3.1.3.2.1
Transgmittance, 3.6.8, 5.1.2.10
T-number, 32.6

area weighted average, 2261
T-stop, 3.2.6, 5.1.2.10

markmgs, 4.1 4.4
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\
Veiling glare, 3.6.10, 5.1.219
Vignetting, 3.6.7.1

Visua! resolying power, 3.62.2, £.12.122
projected, 3.624, 512124
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5.1.2.12.3 Method 14 — Projected photo-
graphic resolving power. This test is intend-
ed to be used primarily for enlarging lenses
(type VI). A target plate of the required
size contsining resolving power targets
(light lines on a dark background) and of
the required range, and located as shown in
Figure 8, with one set of the lines in tangen-
tial and the other set in radial direction, shall
be placed in the object plane (film plane) of
the lens to be tested. The targets shall be of
high contrast. The target plate shall be even-
ly illuminated by light from a condensing
source. If required, the light shall be filtered
to the color required by placing a filter be-
tween the light source and the target plate.
With the optical axis of the lens perpendicu-
lar to the target plate, the lens shall be fo-
cused at the designated magnification and
aperture, and an exposure made on the
designated photosensitive material. The
photosensitive material shall be held fiat in
a plane perpendicular to the optical axis of
the lens. The correct exposure shall be that
which gives the maximum resoiution at posi-
tion B of Figure 8. The test plate is pro-
cessed in the required manner. The resolving
power shell be read by observing the dry
test plate under suitable magnification. The
figures referred to in measuring resolving
power by this method are the lines per
millimeter on the target piaste. It is recom-
mended that enlarging Jenses be tested at &
magnification of 1:2 using medium contrast
glossy chlorobromide paper processed 114
minutes in D72 developer,.diloted 1:2 at
68° F.

5.1.212.4 Method 15 — Projected visuul
resolving power.?* This test is interded to be
used primarily for projection lenses (type
VII). A test object of the required size con-
taining high contrast resolving power targets
(dark lines on light background) of the re-
quired range and placed as shown in Figure

® Amerioen Otandard Msthod for Deternining Besolviux

?ay- of Lense for Projectors for Skeam. S'ds FOm oad
32 Zdnck Sildes, PHI .16-1047 (Roviesd 1952).
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Ficure 8. Projected Resolving Power Test Plate

under test upon a matte, white, grainless
gereen. This screen shall be located at such a
8 shall be projected by means of the lens
distance from the projector that unless other-
wise specified the long dimension of the pro-
jected image will be at least 40 inches =
order that the ohserver will have no difficulty
in distinguishing the number of lines resoiv-
ed. The resolving power of the lens at any
point in the field is the largest number oi.
lines per millimeter in the test object that an
observer, clogse tc ¢he scrocn, geos definitely
resolved (easily counted) in both radia! and
targentiai directions in the projected image.
Care shall be taken to insure that the screen
is perpendicular tc the optical axis of the
projection lens, and that the lens is focused
80 that the image at the center of the test
plate has marimum contrest. The trojector
used in this test may be a regular produc-
tion mode! or a special test projector. The
glass test object shail be fiat and held con-
centric with and normal to the optica! axis
of the projection Yens. The ccne of light from
the projection lamp through a condensing
system shall completely fill the entrance pupil
of the projection lens. The test object shali
be uniformly illuminated.

8.1.213 Astigmatism and curvalure of
field.

5.1.2.13.1 Method 15 —- llesolving power
target method. By means of any of the meth-
ods for measuring resolving power gpacified
in methods 11 through 16, resciving power
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shzll be determined for different positions
of the test plate in the image space. The test
plate or plates are exposed in small steps, at
different distances along the optical axis of
the lens. The length of each step depends
upon the corrections, focal length, and aper-
ture of the lens being tested. A sufficiently
large number of steps shall be taken to in-
sure at least three steps on each side of the
best focus position for both radia) and tan-

specified in method 16, the factor f(l-

cos B8)/cos B is subtracted from the micro-

gential lines at any angular position. Upon -

reading the targets, the position of best focus
shall be determined (for radial and tangen-
tial lines separately) at which the resolution
is & maximum at each angular setting. These
focus positions are plotted against angular
settings, and two curves representing the
two image surfaces are obtained. The curve
representing curvature of field is a median
drawn between the two curves representing
the image surfaces. (See 3.6.3.) The astig-
matic difference is obtained by taking the
difference in the focal setting at a specific
angle for the two image surfaces.

5.1.2.13.2 Method 17 — Nodal slide method.
This method may be used in lieu of method
16. In this method the lens to be tested shali
be set up in front of a suitable collimator
equipped with a target containing vertical
and horizontal lines and centered so that the
optical axis is paralle! to the collimator axis
and coincident with the axis of the observing
microscope. The lens shall be moved along
the microscope axis until the axis of rota-
tion of the nodal slide intersects the rear
node. The microscope shall be focused on the
axial image and the position of the micro-
scope noted. The lens shall then be rotated
about the axis through the rear node and
perpendicular to the optical axis of the lens.
At multiples of angular positions of 114
decrees out to the edge of the field. the
microscope shall be separatelv focused on the
radicl and tangential lines. The foca) chanee
from the axis position shall be noted at the
angular field positions for the redial and
tangential lines. To obtain curves such as

30

scope- settings, and this difference is multi-
plied by the cos 8. If a flat field bar is used
at the microscope it is not necessary to sub-
tract the factor f(l<cos B)/cos 8. When
curves are obtained, the procedure for deter-
mining the curvature of field is the same as
that in method 16.

5.1.2.14 Color correction. When the image
quality is found satisfactory on the basis of
other applicable tests, the color correction
can also be considered as satisfactory. Direct
measurements of color corrections may be
needed when some special color requirements
are to be met. These measurements may be
specified in terms of minimum resolving
power or limits on individual color correc-
tions.

5.1.2.14.1 Longitudinal chromatic aberra-
tion. .

5.1.2.14.1.1 Method 18 — Fhotographic
method. Photcgraphic resolving power meas-
urmenents shzl! be made as specified in
method 11 or 12, utilizing light of the colors
designated, repeating the test for each color.
The light used may be supplied by a mono-
chromator or it mayv be filtered white light,
as specified. The focus positions at which
the maximum resolving power (AWAR un-
less otherwise specified) is obtained shall be
determined for each color. The longitudinal
color aberration for a particular color is the
difference in focal setting for this color and
white light, or for this color and a specified
color. When the foca! setting for the first
color is greater than the focal setting for the
reference color or white light, the longitu-
dinal chromatic aberrstion is 3aid to be
posi ive. Generally, the reference color
shot'd be towards the red end of the tpec-
tral range under congideration.

5.1.2.14.1.2 Method 19 — Nodal slide meth-
od. When specified, a nodal slide optical
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3.1.2.2.1 When 4 lens is supplied in cells,
without barrel o shutter, the locating sur-
face of the lens mount is defined as the seat-
ing surface of the rear cell.

3.1.8 Mechanical axis. The mechanical axis
of a lens is that continuous straight lire in
space perpendicular to the plane of the flange
or locating surface of the lens mount and
passing through the center of symmetry of
the flange or locating surface.

3.1.3.1 Flange tilt. The flange tilt of a lens
is the an rle between the optical axis and the
mechanical axis.

3.1.3.2 Plane of the receiver. The plane of
the receiver is that plane in the image space
in which the receiver or the film in a camera
is located.

3.1.3.2.1 Focal tilt. The focal tilt is the
angle between the plane of best definition
and the plane of the receiver due to the me-
chanical structure between the lens flange
and the receiver. It is not a true characteris-
tic of the lens alone.

3.1.4 Equivalent focal length.? The equiva-
lent focal length, or EFL, often referred to
more simply as the focal length, determines
the scale of the image produced by the 'ens.
When a iven objec’ is at an infinite dist:: ce,
images produced by distortionless lense¢ of
the same equivalent fogal leng*h will be e jual
in size, 2nd images produced b_ lenses of dif-
ferent equivalent focal lengths will var- in
size dircctly as the respective equivalent
focal lengths. The equivalent focal length °s
defined by the equaiion:

7/

tan 8
B0 (1)

t American .tandard Method of Designating and Measuring
Foeal Lengths and Focal Distances of Photographie Lensss.
7.38.4.21 — 1948.

EFL =

Supersedes Page 3 of 12 May 1959‘
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where ¥ i8 the transverse distance from the
principal focus to the center of the image in

the imagc-space focal plane of an infinitely

distant object point which lies in a direction
making an anple 8 with the optical axis. The
equivaler . focal length shall be measured in
accordance with 5.1.2.2.

3.1.5 Calibrated focal length.2 The cali-
brated focal length, or CFL, is defined as an
adjusted value of the equivalent focal length
of a lens mounted in a camera or cone. S0
chosen as to distribute the distortion in the
manner bes* suited to conditions under which
the photograph is to be employed. The cali-
brated foc:1 length shall be determined in
accordance with 5.1.2.8. The calibration con-
ditions sha'l be covered by the detailed spéci-
fication.

3.1.6 Back focal distance. The back focal
distance, or BF, is defined as the distance
measured from the vertex of the back sur-
face of the lens to the plane of best defini-
tion. The back focal distance shall be meas-
ured in accordance with 5.1.2.4.

3.1.7 Flange focal distance. The flange focal
distance, or FD, is defined as the minimum
distance from the center of symmetry of the
lens flange in the plane of the flange to the
plane of be :t definition. Ina perfect lens, this
distance is measured along the mechanical
axis which coincides with the axis of best
definition. The flinge focal distance shall be
measured in accordance with 5.1.2.5.

3.1.8 Front focal distance.2 The front focal
distance, or FF, is defined as the distance
measured from the principal focus located
in the front space to the vertex of the front
surface. The front focal distance shall be
measured in accordance with 5.1.2.6.

3.1.9 Front vertex back focal distance.3 The

t Ses footnots 1.

? Sea footnote 1.
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front vertex back focal Jistance, or FVD, is
defined as the distance measured from the
principal focys in the back space to the ver-
tex of the front surface. The front vertex
back focal distance shall be measured in
aceordance with 5.1.2.7.

3.1.10 Telephoto ratio. The telephoto ratio
is defined as the direct ratio of the equivalent

focal length to the front vertex back focal

djstance.

8.1.11 Depth of *scus and drpth of field.
For every plane in ¢ 1e object space, a photo-
graphic Jens produce : an image plane of best
definition jn the image space. In front of or
hehind this plene of bLestdefinition is a region
thhmwh;chtbelmageaoftheselectedoh-
ject plane are of satisfactory quality. The
distance separating the focal planes bond-
ingﬂnsramonisthednpthaf.focusxorthe
selected object plane. Similarly, there exists
angionmmwithmwhichob;ﬁctaue
imaged with satisfactory quality on a se-
lected image plane. The distance separating
the planes bounding this region is the depth
of field. The extert of these regions of satis-
factory focus may be defined in terms of a 10
percent reductior of area weighted average
resolution (AWAR) below that obtained at
the hest focal position. s

32 APERTURS AND RELATED QUAN-
TIHES.

3.2.1 Lens speed. Lens speed is that prop-
orty of a lens which affects the image il-
luminance. Lens speed shall be specified in
terms of the following expressions: aperture
ratio, relative aperture, or T-stop.

3.2.2 Aperture ratio.* The aperture ratio
is the ratio 1:N or the fraction 1/N (writ-
ten in this manner with the fir :t member of
the ratio, or the numerator of the fraction.

¢ American Standard Methods of Designating and lanrtng
Apertures and Belated Quantities Pertainin: to Fhot

equal to 1) where N is defined by the equa-
tion:
1
N = ——
2n sin o

1n this formula, n is the index of refractlor'

of the medium in which the image is forre.d
(approximately 1, if the image is formed in
the air) and « is the angle sul:tended at the
axial point of the image by the semidian. ter
of the exit pupil of the lens at a given di
phragm setting. If the exit pupil is not cir-
cular, the equivalen: circle having the same
arez as the actuai exit pupil should be used.
Thus, for an objective in air, the aperturc
ratio is equal to 2 sin . If the aperture ratio
is given ‘without quahﬁca.txon, its value is
that corresponding to the largest indicated
diaphragm opening and an infinitely distant
object. If the object is at a finite distance, t* ¢

- yalue of the aperture ratio should be qualificd

by a statement of the corresponding magnifi-
cation. The aperture ratio is apphcable for
the determination of exposure time wher
the object is at an infinite or a finitc dis-
tance. For any magnification, the exr.sure
time is inversely proportional to the square
of N. Thus, the aperture ratio is a measure
of the image illuminance. (For test pracedure
see 5.1.2.8).

823 _Effective aperture.5 The effective
aperturs of a photograpn.c objective for -
distant objects, for a given setting of the
diaphragm, is an opening equivalent to a
right section of the largest beam of parallel
light from an axial object point that is trans-
mitted by the lens. It is usually circular, or
appro:imately so, and is specified by its dia-
meter. If the section is not circular, the effcec-
tive diameter shall be the diameter of a ciicle
having the same equivalent area. (For 'ost
procedure, see 5.1...9.)

3.2.4 Clear aperinres The . ear apert re
of each surface in a Jens system is the m: xi-

Lenses, Z38.4.20 — 1948.

Supersedes Page 4 of 12 May 1959

¢ Ses iootnote 4.




mum clea’ opening ¢: the surface which is
actually used in forming an image in any
part of th. field. The mount aperture at each
surface sh \l be at least as large as the clear
aperture in order that vignetting will not
exceed the computed value. The clear aper-
ture is usually circular and specified by its
diameter. it is sometimes referred to as the
free aperture.

oD Re.wtece uperture.d The relative aper-
ture shall ve defined as the ratio of the EFL
to the diameter of the effective aperture. The
svmool tor relative aperture shali be i/
foliowed by 2 numerical value. It i3 written
as a fraction, for exampie, /2 signifies that
the diameter of the effective aperture is one-
half the foca: length. For an object at an
infinite distance, the denominator of the rela-
tive aperture .nd the second member, N, of
the aperture ratio are identical, provided-the
image is formed in air and the imagery obeys
the sine condition.

3.2.5.1 y-number.¢ The f-number shall be
defined as the denominator in the expression
for the relative aperture. Thus, if the rela-
+ive aperture is £/2, the f-number is 2.

38.2.6 T-s5:0p and T-number.? The T-stop is
referred to as the aperture of a lens cali-
brated photometrically and assigned a T-
number, which is the f-number of a circular
opening in a fictitious lens having 100 per-
cent trans:nittance, and which gives the same
central image illuminance as the actual lens
at the specified stop opening. Mence, for a
lens with a circular aperture, the

f-number
T-nuinber = - ————— (3)
Vi

where t is the transmittance. For a lens with
ar effective anerture »- any shape and area

* Dev TUOLBUW 4. page 4,

< Sex {ootnuie « page 4. .
* American St tard, Aperture libration of Motion Pleture
Lennes PH22.90 ~ 1983,

Supersedes Page 5 of 12 May 1859
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A, the corresponding formula is:

f ’ o
T-number = — ..:..
2 At

The transmittance of the lens shall be defined
as the ratio of the transmitted light flux to
the incident light flux. The symbol for the
T-stop shall be T followed by a space and a
numerical value — for example, T 2. The
numeral 2 represents the T-number. (F r
test procedure, see 5.1.2.10.)

3.2.6.1 Area weighted average T-nuwi. o
The T-number as defined in 3.2.6 is a 1. -
parative measure of illuminance on the ax::
of a lens. Since the illuminance usually varie-
over the field, a need may exist for determin-
ing T-numbers for off axial image points and
computing an average T-number. In accord-
ance with the basic photometric relation-
ships involved, the general definition of T-
number is ngen as

Ty = —o \/ wB/E; (5)

Since, in accordance with this definition,

1 S
————\/ ﬂB--To»J E,,
2

——
T.=T \/ (6)
El *

In these expreasions, T, is the T-number for
an image point in a zone i, T, is the axial
T-number, B is the object luminance, E, is
the illuminance on the axis, and E, is the
average illuminance for the zone. Compatible
units should be used for quantities B, E,,
and E,. When the illuminance is averaged
over the field, weighting the average by the
area of the circular zone in which the illumi-
nance is determined, and this average is sub-
stituted for E, in equation (6), the resulting
T-numier is called the area weighted aver-
age T-number, or AWAT. For circular zones
which extend beyond the ooundaries of the
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picture format, only the area lying within
the format shall be used in determining the
weighting ratios. The equations for compit-
ing AWAT are:

B
AWAT. = T, | 2 ~ N
/' A Eo
, Ay
v AWAT = 10 T.| §-—-— o (8)
i A

in which A is the trtal area of the picture
format, A, is the arca of a particular zone,

and o, is the average relative illuminance for .

that zone expressed in percent.

3.2.7 Front operating uperture. The front
operating aperture is defined as the limiting
aperture at the front of the lens, It will usual-
ly be given as the maximum diameter of the
entrance cone at the front vertex for the
specified field of view at infinity focus.

3.2.8 Rear operating aperture. The rear
operating aperture is defined as the limiting
aperture at the rear of the lens. It will usual-
ly be given as the maximum diameter of the
emergent cone at the rear vertex for the
specified field of view at infinity focus.

3.3 CONSTRUCTIONAL FEATURES.
Pertinent features include details of the . un-
struction of the lens. These may relate to the
physical configuration, or arrangeuent of
the individual elements, to some specified
optical characteristic or to the nomenclature
of the various parts. Constructional features
of photographic lenses are listed with defini-
tions and explanatory data.

$.3.1 Optical system.® The optical system
includes all the parts of a photographic lens
and accessory optical parts which are de-
signed to contribute to the formation of an
image on the photographic emulsion or on 8
screen for viewing.

P
s Ameriean Standard Nomencistore for Parts of & Pheto-
m\hmm.u-—ms. A

332 Member® A member of a photo-
graphic lens is a group of parts considered
as an entity because of the proximity of its
parts or because it has a distinct but not
always entirely separate function.

3.3.3 Component.8 A component of a photo-
graphic lens is a subdivision of a member. It
may consist of two or more parts cemented
together or with near and approximaielv

_ matching surfaces.

3.8.4 Element8 An element of a photo-
graphic lens is a single uncompounded lens,
i.e., o part constructed of a single piece. Thé
total number of elements is a significant con-
structional feature of a lens.

3.3.5 Front of photographic lems.8 The

front of a photographic lens, in general, is

the end carrying the engraving, and ustally
facing the longer conjugate. In lens draw=
ings, the front generally faces left or up. A-
notable exception is certain lenses intended
to be used in photomicrography in which thé
front of the lens faces the shorter conjugate.

3.8.6 Back of photographic lens.8 The back
of « photographic lens, in general, is the end
carrying the mounting thread or other
attaching means and usually facing the
shorter conjugate.

3 3.7 Name of design. Designs of lenses in
wh :h particular configurations of elements
are employed are often given names. These
nams are usually trade names, and the name
ordi*-arily applied to any particular configu-
ration is usually the trade name of the oldest
design of a particular type such as “Tessar.”
In some cases, however, the design name
may not be a trade name but may be based
on some feature of the lens configuration

such as “Symmetrical.”

8.3.8 Telephoto. A telephoto lens is defined

o ———
-mwmuma.m
graphic Lens PHS.25 — 1948,




as a lens for wlich the telephoto ratio is
greater than one, (See 3.1.10.) :

3.3.9 Glass types. A constructional feature
is the type of optical glass of which each
element is made.

3.4 MECHANICAL AND STRUCTURAL
FEATURES.

34.1 Cell. A cell is a mechanical structure
holding an element, component, or member.

3.4.2 Barrel. A barrel is a mechanical
structure in which the lens is mounted.

3.4.3 Conc. A cone is’ defined as the
mechanical structure to which a lens barrel
or shutter, with lens, is attached in order to
bring the image in focus in the film plane of
a specific aerial camera.

3.4.4 Lens diaphragm. A lens diaphragm
is a mechanical device for reducing the

effective aperture of a lens. It may take the

form of an iris or a Waterhouse stop. An iris
diaphragm consist of leaves providing an
opening continuously variable in size. A

' Waterhouse stop is a removable aperture of

fixed size which fits in the lens barrel. Water-
house stops are usually provided in a graded
series of apertures,

3.4.5 Iris diaphragm, control. Unless other-
wise specified, when looking at the front of
a lens or remote control knob, a counter-
clockwise rotation of the diaphragm control
shall reduce the aperture or stop the lens
down.

3.4.6 Parfocalized. Lenses mounted in bar-
rels may be specified as parfocalized, i.e., the
fiange focal distance may be specified to close
tolerances that would secure an image in
satisfactory focus when the lenses are inter-
changed on a camera.
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8.4.7 Spanner wrench openings. When re-
quired in order to facilitate removal of cells,
elements, components, or members from a
cell or barrel, there shall be two openings
180 degrees apart for application of a span-
ner wrench. Each opeuning shall either be
circular in shape, or a slot with paraliel
sides. .

3.5 FIELD OF VIEW. The field of view of
a lens is a measure of the size of the image
area or conjugate object area which is satis-
factorily reproduced. This field may be de-
fined in terms of the maximum size of the
negative or projection material with which
the lens is to be used.1® The angular measure
for field of view is the half angle, which, un-
Jess otherwise specified, is the angle sub-
tended at the first nodal point by the optical
axis and a straight line to an object point
which is imaged at the extreme corner of the
negative. For a projected image, the half
angle is the angle subtended at the second
nodal point by the optical axis and a line to
the image point conjugate with the extreme
corner of the projection material. The half
angle is sometimes referred to the side of
the image area and in such cases it shall
always be so specified. The field of view may
also be designated as the total field angle
which is twice the half angle. Coverage is a
less precise term for field of view.

3.6 OPTICAL CHARACTERISTICS. Opti-
cal characteristics include all properties of a
lens affecting its optical performances such
as image quality, distortion, transmittance,
image color, and condenser characteristics.
When specifying optical characteristics or

-individual aberrations, the definiticns and

nomenclature set forth herein shall be used.

8.6.1 Image quality. Image quality em-

® Format Sises for Alr Camerss, ABC AIR ETD §2/1, § Peb.
54. Tha participants sgresd that sir camera format siass shall
be: 2% by 23 inches, 434 by 414 inches, 9 by § inches, § by 18
inches, 18 by 18 inches. Format Sises for Ground Camarss,
ABC AIR STD 82/8, 15 Mar. 64. Ground camera format sises
standardised shall be: 1 by 11° inches (34 by 36 millbmeters),
2% by 23 inches, 3.3 by 3.7 inches.
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braces all the properties of a lens affecting
the quality of the image such as resolving
power, aberrations, image defects, and veil-
ing glare. Aberrations are optical defects in-
herent in the lens design. Because of manu-
facturing variations, it often happens that
the measursd sberrations differ from the
computed  aberrations. Image defects are
optical defects not inherent in the lens design
and resulting entirely from manufacturing
and mounting variations. This standard is
primarily concerned with optical perform-
anes. Optical performance can be measured
in terms of resolving power, or specific
optical characteristics.

8.6.2 Resolving power. The resolving power
of a lens is a measure of its ability to image
closely spaced objects so that they are recog-
nizable as individual objects. The resolving
power shall be expressed in lines per milli-
meter, usually in the short conjugate plane.
Resolving power is measured by photograph-
ing or obeerving suitable test charts at speci-
fied angular distances from the center of
the field. The test charts shall consist of
groups of parallel straight lines and,spaces
of equal width; the resolving power is the
reciprocal of the center-to-center distance
of the lines that are just distinguishable in
the recorded image. By “just distinguish-
abk"igmenntthattheobnﬂerhnbleto
count the correct number of lines in the re-
corded image, over the entire length of the
lnes and in the correct orientation, subject
tothepruvisionthstnomrmpsttomm
be unresolved. The appearance of resolution
in a finer pattern after failure to resolve a
coarser pattern is an indication of the pres-
ence of spurious resolution. Spurious resolu-
tion is a phenomenon wherein fine lines are
rescived, yet coarse lines are not. For non-
axial points, it is necessary to consider the
orientation of the lines. For example, the

resolving power for radial lines, or “radial

resolving power” : (sometimes called “sagittal
r-dﬁntpowar").atlpm peint in the

image jlane is the resolving power for close-
ly spaced lines that are parallel and adjacent
to the radius drawn from the center of the
field to the given point. Resolving power for
tangential lines, or “tangential resolving
power,” is the resolving power for closely
spaced paralle! lines that are tangent and ad-
jacent to & circle drawn through the give:
point whose center lies at the center of the
field. Resolving power may be specified as
minimum acceptable resolving power, re-
gardless of whether radial or tangential at
specified angles from the optical axis of the
lens, or it may be specified at both minimum
acceptable radial and minimum acceptable
tangential resolving power at specified angu-
lar distances from the optical axis. The aver-
age resolving power weighted in terms of
the area of the negative, the area weighted
average resolution (AWAR), provides a

_ single value by which the resolving power

for the entire field may be speciﬁed (See
3.1.2.1.1 and 3.6.25.)

3.6.2.1 Photographic relolvmg power.
Photographic resolving power is used in
specifying and measuring performance of
type I, 11, II1, IV, V, IX, XII, and XIII lenses
mdilthezreutestnumbarofﬁmpermﬂli-
meter recorded photographically as separate
lines. A target pattern is considered resolved
when it meets the conditions described in
8.6.2. Photographic resolving powar depends
markedly on the photographic conditions
employed, and on the presence of back-
ground glare from the illuminated target.
When specifying photographic resolving
power, it is necessary also to specify the
color of light to be used, the type of photo-
sensitive material and processing, the lens
apeed at which the test is made, the contrast
of the target, and ‘he magnification or focus
at which the lens is tested. (See 5.1.2.12.1.)

8.6.2. . Visual resolving power, Visual re-
solving power is used in specifying and
mesasuring of type X lenses, and is defined
as the greatast number of lines per milli-




meter in the image of a test target pattern
that are just burely distingvishable ds

~ separate lines under acequate magnification.

When specifying visual resolving power it is
necessary ulso to specify the target contrast.
(See 5.1.2.12.2.)

3.6.2.8 Projected photographic resolving
power. Projected photographic resolving
power is used in specifying and measuring
the performance of tvpe VI lenses and is
defined as the greatest number of lines per
millimeter. in the object plane, that are bare-
ly distinguishable as separate lines when
observing under magnification a photo~
graphicall-- recorded, projected image of a
suitable te¢st target. (See 5.1.2.12.8:.) When
specifying projected photographic resolving
power it 8 necessary also to specify lens
speed, focus, magnification, type of illumina-
tion, contrast of target, type photosensitive
material and its processing.

3.6.2.4 Projected visual resolving power.
Projected visual resolving power is used in
specifying and mesasuring the performance
of type VII lenses and is defined as the
greatest number of lines per millimeter in
the object plane that are distinguishable as
separate lines in the projected image. When
specifying projected visual resolving power,
it is usually understood to imply a high con-
trast target (dark lines on light back-
ground). (See 5.1.2.12.4.)

3.6.25 Area weighted, average resoluiion.
A single average value for the resolution
over the picture format may be determined
for any given focal plane as the area
weighted average resolution, or AWAR. To

" determine the AWAR, the picture format is

divided into concentric annular zones whose
boundaries are determined from the angles
which are midway between successive test
angles. For zones which extend beyond the
boundaries of the picture for:nat, only the
area lying within the format shall be used
in determining the weighting ratio. The reso-
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lution obtained at any given test angle is
multiplied by the ratio of the area of the
zone for that angle to the total area of the
picture format. The AWAR is the sum of
these products. To obtain a single value of
the resolution for each test angle. the geo-
metric mean of the tangential and radial
resolutions shall be used. However, the com-
putations may be simplified by the use of an
arithmetic mean whenever the tangential
and radial resolutions differ by less than a
factor of 2 to 1. When more than one meas-
urement is made at any given test angle, an
arithmetic mean shall be determined for the
tangential and another for the radial reso-
lutions. The area weighted average resolu-
tion is defined as: :

A
AWAR = 2 R T
- A (9)

where A, is the area of a particular Zone, R,
is the average radial resolving power in this
zone (or radial resolving power at the mid-
point of the zone), T, is the average tangan-
tial resolving power in the zone (or the t.in-
gential resolving power at the midpoint
of the zone), and A is the total area of -he
picture format, and X is the summation
sign, summating the values

-%'-\/R.T. -

over all zones in the picture area.

3.6.8 Astigmatism and curvature of field.
In general, a lens possesses two image sur-
faces: one in which lines radial to the optical
axis are best defined and the other in which
lines tangent to circles concentric with the
axis are best defined. Noncoincidence of
these two image surfaces is called astig-
matism, and the separation of the two image
surfaces, measured parallel to the optical
axis, is called the astigmatic difference. A
median surface lying between the two is
called the surface of least confusion and the
definition in this image surface is least
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affected by orientation of the object. None of
the surfaces is a true plane. The departure of
the surface of least confusion fram a true
plane i called .curvature of field. Resolving
power figures, specified in accardance with
8.6.2, will usually be considered as referring
tc & fiat image and object plane. When curva-
ture of field is specified, the magnification at
which #t is to be measured shall be stated.
(Sce 5.12.18.) Figure 1 is plotted as an
bxample of the astigmatic difference.

RADIAL

G0 TAMGENTLIAL

FOCAL CHANGE (MM)

R T
ANGULAR DISTANCE FROM AXIS
Ficure L Astigmatic Diference

3.8.4 Color correction. Color correction is
defined as the reduction of longitudinal and
lateral chromatic aberrations. It may be
specified in terms of the kind of light and
color sensitivity of the photographic mate-
rial to be used with the lens, e.g., the Jens is
color eorrected for use with white light and
panchromatic film of ASA speed 100. The
color correction may be specified in terms of
the Fraunhofer lines in the solar spectrum
that are to be used in the lens calculations,
e.g., C and F correction. The magnification
at which the color correction is acconiplished
shall be designated. (See 5.1.2.14.)

3.6.4.1 Longitudinal chromatie aberration.
Longitudinal chromatic aberration is defined
as a variation in back focal distance for light
of different colors or wave lengths. It is
apecified in terms of this focal change for
light of specified colors. (See 5.1.2.14.1.)
Figure 2 is plotted as an example of longi-
tudinal chromatic aberration.

~

8.8.4.2 Lateral chromaiic aberration. Late-
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TicgURE 2. Lonmpitudinal Chromatic Aderration

ral chromatic aberration is & wvariation in
image scale of a lens for light of different
colors or wave lengtha. When required,
limits on lateral chrematic aberration will
be specified as the radial displacement in
millimeters of the image in the first oolor
from the image of the same point in the
second color. (See 5.12.142) Figure 3 is
plotted as an example of lateral chromatic

' aberration.

 DISPLACEMENT  (MM)
-3

7 -~ "R T
WAVE LENGTH OF LIGHT (#n)
Ficure 3. Lateral Chromatic Aberration

3.5.56 Magnification.

8.5.5.1 Pararial magnification. The paraxi-
al magnification, often referred to more
simply as magnification, determines the scale
of the image when the object is at a finite
distance from the lens. The paraxial magni-
fica .ion, or PM, is defined by the following
equation:

PM = limit—z— (10)

y % 0
where ¥ is the radial distance from the opti-

cal axis to the image point in the image plane

10




: .

3.8.1 Malcrial defects.

3.8.1.1 B. bbles. Bubbles are air or gaseous
inclusions entrapped within the glass.

3.8.1.1.1 Seeds. Seeds are very small bub-
bles

3.8.1.1.2 Air bells. Air bells are irregularly
shaped bubbles

3.8.1.2 Cracks. Cracks are shallow separa-
tions or reaks in the glass.

3.8.1.3 Feathers. Feathers are powdered
surfaces folded into the glass in the pressing
process.

3.8.1.4 Fold, or laps. Folds, or laps, are
areas in which the glass has been folded
upon itsclf but not fused.

3.8.1.5 Milkiness. Milkiness is caused by
cloudy or milky areas within the glass.

3.8.1.6 Stones. Stones are fragments of
undissolved material in the glass.

3.8.1.7 Strain. Strain is tension within the
glass caused by inadequate annealing or im-
proper mounting. It is an area of index of
refraction differing from the nominal.

3.8.1.8 Striae. Striae are streaks or veins

in the glass with the index of refraction dif-
fering from that of the body ot the glass.

3.8.1.8.1 Reams. Reams are fine bands of
striae.

3.8.1.8.2 Cords. Cords are streaks of vefy
heavy striae.

3.8.2 Manufacturing defects.

3.8.2.1 Blisters. Blisters are bubbles in a
cement layer.
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3.8.2.2 Burns. Burns are reddish stains
generally ground on the central areas of
elements They are usually caused by the
drying-up or glazing of a polisher.

3.8.2.3 Cement starts. Cement starts are
spots where the components of a cemented
lens have started to separate. They can be
small irregular spots between the elements
or run-ins at the edge, insufficient cement, or
cement at the edge dissolved by a solvent.

3.8.2.3.1 Run-ins. Run-ins are cement sepa-
rations at the edge~-of a cemented compo-
nent.

3.8.24 Chips. Chips are areas from which
glass has been broken away from the sur-
face, edge, or bevel of an optical element.

3.82.5 Cracks. Cracks are breaks in the
glass.

3.8.2.6 Digs. Digs are breaks of the pol-
ished surface of a round, oval, square, etc.,
shape including pits, holes, and surface
brokenr bubbles.

8.8.2.6.1 Dirt holes. Dirt holes are digs
filled with rouge.

3.8.2.7 Dirt. Dirt congists of dust, lint. or
other foreign matter on the surface or en-
trapped in a cement layer.

3.8.2.8 Grayness. Grayness is represented
by finely ground areas indicating incomplete

or improper polishing.

3.8.2.9 Mold marks. Mold marks are marks
on t}ne surface produced by molding.

3.8.2.10 Orange peel. Orange peel is poorly
polished surface, pock-marked with pits,
having much the same surface appearance
as the skin of an orange.

3.8.2.11 Poor polish. Poor polish pertains
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to polished surfaces containing minute pits
of a gray or red color. They are gray grind-
ing pits in the surface of the glaas, or red
grinding pints in which rouge has been so
deeply embedded that it has to be removed
by further polishing.

3.8.2.12 Seratches. Scratches are furrows
or grooves in the surface of the glass caused
by the removal of glass, usually made by

coarse grit, fragments of glass, sharp tools, -

etc., rubbed over the surface.

3.8.2.13 Smears, scum, water spots, etc.
Smears, scum, water spots, etc., are residue
of evaporated or unevaporated moisture.
They are usually removable by “normal”
cleaning.

3.8.2.14 Statn. Stain is a discoloration of
the glass surface, usually brown, blue, or
green, caused by the deposit of foreign mat-
ter, or changes produced on the surface of
the glass by chemical action of some sub-
stance with the glass.

4. GENERAL REQUIREMENTS

4.1 MARKINGS.

4.1.1 Lens markinges. Lens markings, such
as maximum aperture, focal iength, fleld of
view, and serial number shall be placed on
the front of the lens cell or on the barrel if
space limitations so require. The lens name
and serial number shall be assigned by the
manufacturer.

4.1.2 Cell maikina. Lenses supplied in cells

or constructed with removable cells shall -

have al] cells permanently marked with at
least the last three digits of the lens serial
number.

1.1.3 Maztmum aperture. Al types of
lenses, except types X and XI, shall be
marked with their maximum aperture stated
either as the relative aperture, aperture ratio
or T-stop. :

4.1.3.1 The symbol for relative aperture of
a lens shall be f/ followed by the numerical
value, for example £/2.0.12

4.1.3.2 The symbol for the T-stop of a lens
shall be T followed by a space and then the
numerical value, for example T 2.2,

4.1.3.3 f-number.12 The effective diameter

' American Standard Lena Apertuze Maskings, Z38.4.7--3900.
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of the maximum aperture of the lens shail
be at least 95 percent of the quotient ob-
tained by dividing the marked focal length
by the f-number corresponding to the maxi-
mum marked aperture.

4.1.4 Iris diaphragm control marking.

4.1.4.1 Full stop.12 The standard series of
diaphragm markings, or stop openings, shall
be 0.7, 1.0, 1.4, 2.0, 2.8, 4.0, 5.6, 8, 11, 16, 22,
32, 45, 64, 90, and 128.

4142 Mazimum aperture valus.? The f-

number corresponding to the maximum aper- . .

ture, T-number, or aperture ratio value
marked need not be selected from *“= above
series but shall be followed by the above
series of stop openings beginning with the
next largest number whenever practical and
progressing as far as required in the individ-
nal application; e.g., for an 1/1.9 lens the
diaphragm might be marked £/1.9, 2.8, 4.0,
5.6, 8, etc., if it was believed that to mark it
£/1.9, 2.0, 2.8 4.0, 5.6, etc., would confuse
the marking at the £/1.9 end of the scale.

4.1.4.3 Fractional stop values. In addition
to the numbered values, each stop ma:’ be
divided into three subdivisions by dots or
marks (not numbered), the dots being at
“thirds of = stop,” e.g., 0.7, 0.8, 0.9, 1.0, 1.12,

°




solving power targe: used on all tests shall
be as follows: The target shall consist of a
series of patterns decreasing in size as the
v2, ¥2, 2, with a range sufficient to cover
the requirements of the lens-film combination
under test. The standard target element shall
consist of two patterns (two sets of lines)

*at right angles to each other. Each pattern

shall consist of three lines separated by
spaces of equal width. Each line shall be five
times as long as it is wide. (See Figure 7.)
For types I and II lenses, targets with light
lines on a dark background are preferred;
for types IV, VI, VII, XII, XII lenses, tar-
gets with dark lines on a light background
are preferred. The target contrast (the dif-
ference in photographic density between the
lines and spaces) shall be either high,
medium, « r low contrast, as specified.

T 1
%[} _

I

2
g Rk %

FIGURE 7. Standard Resolving Power Test Target
Element. The patterns of lines arc parallel lines
2.5 z millimeters long and 0.5 x millimeters wide
with space 0.5 x millimoters widc between the paral-
lel lince, where z equals the mumbers of lines per
millimeter.

5.1.1.7.1 High contrast target. A high con-
trast target is one in which the density dif-
ference between the lig}}t and dark areas is

~ greater than 2.00.

5.1.1.7.2 Medium contrast target. A medi-
um contrast target is one in which the den-
gity difference between the light and dark
areas is equal to 0.80 = 0.05.

5.1.1.7.3 Low contrast target. A low con-
trast target is one in which the density dif-
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ference between the light and dark areas is
equal to 0.20 = 0.05.

5.1.2 Test methods.

5.1.2.1 Plane of best dcfinition. The plane
of best definition is usually determined by
making a series of evaluations at a sufficient
number of focal settings. The distance be-
tween focal settings in hundredths of milli-
meters shall be at least

f-number of lens
no. of lines/mm. expected

The detailed specification shall state the
method used in determining the plane of best
definition.

5.1.2.2 Equivalent focal length.

5.1.2.2.1 Method 1 — Photographic meth-
od.14 The EFL shall be measured by placing
a photographic plate in the focal plane of the
image space. Unless otherwise. specified, the.
focal plane is defined as the place of best
photographic imagery for an infinity distant
axial point; the focal plane may also be spec-
ified as the plane of best definition. A colli-
mator and reticle may be conveniently used
to provide an infinitely distant object point.
Exposures are made with the beam of light
from the collimator directed along the opti-
cal axis of the lens and a series of angles
B Bs, etc. On the resultant negative, meas-
urements shall be made of the distances
¥, v etc., from the axial images to the
images corresponding to the angles 8,, 8.,

: v v
etc.,, and the quotient .
tan ﬁ; tan B:
etc., formed. The limiting value of this quo-
tient as B approaches zero is the EFL. In a
photographic objective free from distortion,
the quotient is invariant with respect to the

¥ American Standard Methods for Designating and Measur
ing Focal Lengths and Foeal Distancs 3 of Photographic Lemses,
238.4.21-1948.
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value of 8. For many photographie purposes
the distortion is negligible for points distant
from the eenter of the useful field not more
than one-fifth of its radius, and consequent-
ly, it will very often be possikle to obtain a
satisfactorily aceurate value of the EFL
by a single determination of 8 and ¥ for a
point lying near the axis.

5.1.2.2.1.1 Method 1A — Combination

-¢thod. The EFL also may be determined
by adding the photographic BF' to the dis-

tance from the rear vertex to the emergent
nodal point. The latter distance may be
determined by Method 2.

5.1.2.2.2 Method 2 — Nodal slide method.
The lens to be tested shall be mounted on a
nodal slide to rotate about the vertical axis
through its second nodal point. The distance
from this nodal point to the position of best
axial focus for an infinitely distant object
point shall be measured. This is also known
_as the seeond principal focus. (An important
factor or uncertainty in using this method
i3 the difference between the position of best
focus as judged visually on the optieal bench
ynd the best focus as determined photograph-
ically by method 1,) When using this meth-
od, the criterion for determining the best
axial focus should be specified. The criterion
used is dependent on the type of test object
or target used and may be specified in terms
of either the haze position or the position of
greatest concentration (see 3.6.9.1.1 and
8.6.9.1.2) or in terms of the color in and
around the image.

5.1.2.3 Calibrated jocal length. When de-
termining the calibrated foeal length, the
plane of best average definition shall be
chosen as the focal plane. To compute the
calibrated focal length, let ¥/,, ¥, etc, repre-
sent the distances in the focal plane from
the axial point to the images of infinitely
. distant object points lying in the directions
making angles B8,, B, etc., with the optical
axis of the objective. If f is the equivalent
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focal length in the absence of distortion, then

¥,={ tan B, (13)
')"g:' f tan ﬂ;
and ¢.={ tan 8, (14)
In the presence of distortion
i=ftan B, + A’ Vs (15)
‘)/,=ft8nﬁg - A’ Y.
and y.=ftan B. + A’ Y. (16)

The added terms are the values of the linear
distortion for values 8., 8., etc., respectively.
The values of ¥ and 8 are measured directly.
It is evident that the individual values of the
distortion defined by the above group of
equations can be changed by changing the
value of £, If £ is the equivalent focal length,

_in many instances values >f the distortion in

the neighborhoud of the axial image point

‘will be small, and near the edge of the field

the values will be large and predominantly
negative or positive. Infinitely distant targets
may be provided by a group of collimators
or by one collimator which can be succes-
sively placed in the required angular pusi-
tions. Exposures shall be made and the y’
correaponding to each angular distance from
the optical axis shall be determined.

5.1.2.4 Back focal distance.1s To determine
the BF, the focal plane in the image space
shail be determined by a visual or photo-
graphic method. The measured distance from
this focal plane to the vertex of the back
surface of the lens shall be the required BF.

5.1.2.5 Flange focal distance.}5 To deter-
mine the FD, the foeal plane in the image
space shall be determined by a visual or
photographic method. The measurement
shall be made from the plane of the locating
surface or the flange to the focal plane.

5.1.2.6 Front focal distance.}s To deter-
mine the FF, the focal plane in the object
space shall be determined by a visual or

-s.mu. page: 3L




photographic met .0od. The measured distance
from this focal plane to the vertex of the
front surface of the lens shall be required
FF,

5.1.2.7 Front vertex back focal distance.
To determine the FVD, the focal plane in

- the image shall be determined by a visual or

photographic method. The measured dis-
tance from the vertex of the front surface
of the lens to the focal plane ‘shall be the
required FVD.

5.1.2.8 Aperture ratio. For the special case
in which the object is at infinite distance
(magnification = 0), N, the first member
of the ratio equation (2) in 3.2.2, may be
determined as the quotient obtained when
the EFL is divided by the diameter of the
effective aperture. '

5.1.2.8.1 For the general case in which the
magnification may have any value, a pin-
hole should be mounted at the axial point of
the desired image plane, and the angle of
the cone of light emerging through the pin-
hole from the lens should be determined by
measuring the diameter of a right section
of the cone at a suitable distance beyond the
pinhole. The angle a can be calculated from
the measurements and substituted in equa-
tion (2). If n is the index of refraction of
the meium in which the angle a is me s-
ured (r = 1 for air, used in the great 11a-
jority cf cases), the second member of the
1

aperture ratio is

2n sin a

When measuring the aperture ratio by the
method of this paragraph, the angular sub-
tense of the object point at the first nodal
point of the photographic objective must be
small as compared with the value of the
angle a between the optical axis of the
objective and the extreme ray proceeding to
the image point,

5.1.2.9 E'ffective aperture.
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5.1.2.9.1 Method &8 — Microscope meth-
od.16 A traveling compound microscope i8
require? with means for translating the
microscope in a direction at right angles to
its optical axis through a measured distance
not less than the diameter of the maximum
effective aperture to be measured. The micro-
scope must be of low power (10X to 20X)
provided with a reticle and with a working
distance sufficiently long to permit the micro-
scope to be focused on the limitinz opening
of the photographic objective through the
front member. The photographic objective, of
which the effective aperture is to be meas-
ured, shall be mounted in a convenient posi-
tion to permit the traveling microscope to
be directed parallel to the optical axis of the
objective and focused upon the edge of the
opening having the smallest apparent diam-
eter. (The photographic objective is not
to be disassembled.) This edge shall be
viewed through the lens elements which are
normally traversed by image-forming light
before passing through the limiting open-
ing. A microscope having a long working

. distance is required to avoid mechanical

interference when looking through the lens
elements. A microscope shall then be trav-
ersed and measurements made to determine
the apparent diameter of this opening which
shall be the effective aperture. In place of a
traveling microscope, a suitable contour pro-
jector may be employed to measure the effec-
tive aperture. If the lens has a non-circular
aperture, the measured diameter must be
suitably corrected.

5.1.2.9.2 Method ; — Point source meth-

" od.17 When it is not practicable to use a

microscope of sufficient working distance to
permit the limiting opening to be observed
through the lens elements, a source of light,
as small as practicable and emitting a cone
sufficiently large to fill the lens, may be

¥ American Standard Methods of Designating and Measuring

Apertures and Reizted Quantities Pertaining to Photographis
Lenses, Z38.4.20-1948.

" American Standard Aperture Calibration of Motion Pletare
Lenses, PH22.90 - 1958.
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placed at the second principal foecus und
directed toward the objective; the diameter
of the emergent beam should be measured
as near the front of the objective as is prac-
ticable. This method is subject to a system-
atic error, the value of the finite mize of the
~ source.

5.1.2.10 T-number and transmittance. The
equipment specified in methods 5 and 6 for
determining T-stops and transmittance of a
lens represents workable apparatus. How-
ever, modifications are permitted provided
that the basic requirements of the method
and the specified accuracy are met. (See
8.2.6 and 4.1.4.4.)

H

$1.2.10.1 Method 5 — Extended source
method.18 This methad of lens calibration is
based on filling the lens with light from an
extended uniform source of adequate size and
placing in the plane of best definition of the
lens & metal plate with a hole, the diameter
of which shall not exceed 8 millimeters (or
1.5 millimeters for 8-millimeter film), at its
certer. The lght flux passing through the
hole shall be measured by a photocell
arrangement. This flux shall then be com-
pared with the flux passing through a hale of
the same dimensions from an open circular
aperture of such a size and at such a dis-
tance from the plate that it subtends the
desired angle o 80 that sin @« = 1% T, where
. T is the T-number to be measured. The
greatest care is necessary to imsure that
the extended source is uniform. In practice,
the photocell reading for each whole T-
number is first determined for a series of
open apertures at a fixed distance from the
plate. The lens is then substituted for the
open aperture with the 3-millimeter hole
accurately in its focal plane and the iris
of the lens closed down until the photo-
cell meter reading produced by the lens is
equal to each of the successive open hole

2 See fostmote 11, page 28.
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readings. The full T-stop pesitions are then
mark.d on the diaphragm ring of the lens.
The intermediate thirds of stops may be
found with sufficient accuracy by inserting
a neutral density filter of 0.1 ind 0.2 behind
each open aperture in turn and noting the
corresponding photocell readings or by di-
viding the travel of the diaphragm control
into three equal parts. The extended source
should be uniformly bright over its useful
areg to within =38 percent. (This could be
tested with a suitable telephotometer, or a
small hole in an opague screen could be
moved around in front of the source and
any consequent variations in photocell read-
ing noted.) The source may be a shest of
ground glass covering a hole in a whitelined
box.containing several lamps inounted around
the hele and shielded so that no direct light
from the lamps falls on the ground glaas

. itself. The photocell receiver may be of the

phototube type with a simple d-c amplifier.
Csre must be taken to insure that photo-
tube sensitivity does not change between
marking readings on the open aperture and
on the lens itself. To guard against this, some
turret arrangement is desirable, wijth the
lens on one side and the open aperture on the
other, so that the two may be interchanged
and compared quickly with each other by
turning the turret. Transmittance of a lens
shall he measured at the maximum relative
aperture in a direction parallel to the vptical
axis of the lens. Transmittance is equal to
C/R where C is the calibrated photocell read-
ing with the lens in place, and R is a .similar
reading when a clear circular aperture is in
place, subtending an angle a at the hole in
the front of the photocell so that sin @ =
14N, where N is the second term in the aper-
ture ratio of the lens to be tested. (See
8:2.2.) The value of N must be the true value,
which may differ from that indicated on the
barrel.

5.1.2.10.2 Method 6 — Collimator meth-
od.1® In this method, light from a small

» Ses footnots 17, page 28. _




source (a 5-mi.imeter hole covered with
opal glass and strongly illuminated from be-
hind) shall be collimated by a simple lens,
or an achromat if preferred, of a focal length
at least three times the EFL of the lens be-
ing tested and of sufficient aperture to fill the
lens being calibrated. This gives a colli-
mated beam which will be focused by the
test lens to form a small circle of light in its
focal plane. This circle of light will be leas
than the prescribed limit of 3 millimeters
diameter. Uniformity of the collimated beam
can be checked by moving a small hole in
an opaque screen across the beam, and not-
ing any variations in the photocell reading.
For the comparison unit, an open aperture

shall be used, of diameter equal to the foeal

length of the lens divided by the desired T-
number. This aperture shall first be mounted
in front of an integrating sphere of ade-
quate size with the usual photocell detector
and the light from the collimator allowed
to enter the aperture. The aperture plate
shall then be replaced by the lens, the iris
diaphragm closed down to give the same
photocell reading, and the T-number en-
graved on the iris ring. The intermediate
thirds of stops can be found by using 0.1 or
0.2 density filters, or by dividing the travel
of the diaphragm control into three equal
parts. To guard against “drift” or line-volt-
age variations which might oceur between
readings of the comparison aperture and the
lens, it is convenient to leave the known
standard aperture in place in front of the
sphere, and to insert the lens into the beam
in such a position that the small image of
the source falls wholly within the standard
aperture. The meter reading should then re-

- main the same with the lens in or out of the

beam. A second plate with a 3-millimeter
aperture should be placed over the compari-
son aperture while the lens is in place to
stop any stray light which may be reflected
from the interior of the lens. It should be
noted particularly that if this method is

used, the focal length of the lens must be

Y R L+
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measured separately and a suitable set of
open apertures constructed for use with it.
However, by suitable devices, one single set
of fixed apertures may be used for all lenses.
Transmittance of a lens shall be measured at
the maximum relative aperture in a direc-
tion parallel to the optical axis of the lens.
Tranamittance is equal to C/R where C is
the calibrated photocell reading with the
lens in place, and R is & similar reading
when a clear diaphragm (equal to the lens
effective aperture) is in place.

5.1.2.11 Relative tllumination,

5.1.2.11.1 Method 7 — Extended source
method. This method of measuring relative
illumination makes use of the same appara-
tus and techniques specified in method 5.
With the lens to be measured set up in the
apparatus, the photocell shall be displaced
laterally to the position corresponding to the
required angular positions, and the .corres-
ponding percentage of axial illuminance for
each position is found from a calibration
curve of the photocell meter.

5.1.211.2 Method 8 — Collimator method.
This method of measuring relative illumina-
tion makes use of the same apparatus and
techniques specified in method 6. With the
lens to be measured set up in the apparatus,
the lens shall be rotated through the desired
field angles 8 and the photocell readings
compared with the readings for the lens on
axis. The percentage of light flux trans-
mitted can then be read off a calibration
curve for the photocell system and converted
to desired percentage illuminance by dividing
by cos3 8.

5.1.2.11.8 Method 9 — Densitometric meth-
od. This method of measuring relative illu-
mination makes use of the same apparatus
and techniques as specified in methods 5 and
6, except that a photographic plate is substi-
tuted for the photocell when the extended
source is used, and for che integrating sphere

MPL-STD— PIBA:" -
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when a collimator is used. In the latter case,
the image produced by the lens should be
in shasp focus on the emulsion plane. The
exposures are made om the axis and at the
required angular positions off axis. The ex-
pr ‘ure times shall be the same at all the
p« sitions. The densities of the expesed and
de ‘eloped images shall be measured and the
relstive illuminance determined using the
sensitometric curve of the emulsion, ebtained
2y exposing a calibrated step-wedge.

£.3.2.11.4 Mcthod 10 — Indirect computa-
tion method. The indirect computation of
illuminance distribution from dimensions of
the lens are outlined in this seetion. The
method in this case is for a lens while in the
design stages, or in determining the illumi-

pance distribution of an actual lens when no .

convenient photometric equipment is avail-
able. :

53.2.11.4.1 Distortionless lens with object
at infinity. The ease where the object is at
infinity is applicable to most photographic
objectives encountered in aerial and ground
photography. The field angle of such a lens
is always expressed by the obliquity angle
¢, in the object space. The desired relative
fllumination is given by:

By 8¢
R= = costg amn
,. ..

where E is the illuminance at the point in
the image which corresponds to the obliquity
angle ¢ in the—ubject space, and E, is the
illuminance at the center of the field. S¢ and
S, are, respectively, the beam section areas
of the oblique and axial beams at the chosen
reference plane in the object space. The area
S¢ will in general be smaller than S, due to
vignetting, but in some unusual lenses, S¢
may be somewhat greater than S..

5.1.2.11.4.2 Distortionless lens with finile
object distance. The relative illumination R
can be computed either in the object space
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or in the image space depending on which
is more convenient. The illuminance at angle
¢ is given by the integral:

E¢ = KfcosiepdS = K'fcosi¢ ds’

where K and K’ are constants indepenacnt
of obliquity. The integrals are to be taken
over the respective beam sections. The in-
tegrals are necessary because ¢ and ¢’ varv

(18)

. from point to point over the beam sectinns.

If the aperture is small, the integral becomes
unnecessary and then:
E¢ = KS¢ coatg = K'S'¢ cost¢’ +19)

The relative illumination is then found by
evaluating B¢ and E, for an oblique nd
axial beam and taking the ratio R = E¢. I

5.1.2.11.4.3 Distorting lens with object at
infinity. This differs from the previous cas

' because the distortion will have a consider-

able effect on the distribution of illuminance
expressed as a function of the entering obli-
quity angle ¢. In this case the relative illu-
mination becomes: '

E¢é¢ S¢ f2sin ¢ coa e
R = = .

E. S, b’ (dh’)
. (d¢)

(20)

Sé and S, are the areas of the beam sections
for the oblique and axial beams at the chosen
reference plane in the object space; ¢ is the
obliquity angle in the object space, £ is the
focal length of the lens and 4’ is the image
height. By measurements or computations
on the lens, a relation can be established
cu.necting i’ with ¢, from which the value
of the derivative dh’/d¢ can be found at any
desired point in the field. For a distortion-
leas lens, i’ = f tan ¢; in that special case
equation, (20) simplifies to equa ion (17).

5.1.211.4.4 Distorting lens with finite ob-
ject distance. The image space equations (18)
or (19) hold independent of the distortion of

\
;
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the lens. If it is dec.red to use the data of
the object space, equation (18) becomes: -

h
Es = K cost ¢ dS
h* (dh’) (048]
(dh)

where K is a constant different from that
used in equation (18), h is the object height,
and 1’ the height of t.e image of that object.
The derivative dh’/dh must be found by
determining an algebraic relationship be-
. tween h and h’. If the aperture is sufficient-
ly small, ¢ will not vary greatly over the
beam section and the equation may be re-
duced to the approximate form.

h

E¢ = K - S¢ coste |

b’ (dh)
(dh) (22)

5.1.2.11.4.5 Monocentric lens. In the case
of a lens having a common center of curva~
ture to all the surfaces and a concentric
image surface, the relative illumination con-
tains only one cosine, namely:

E¢ 3¢
E, Se

R

cos¢ (23)

5.1.2.12 Resolving power. When specifying
or measuring resolving power, care should
be taken to consider the following pertinent
factors: methods of tests, contrast of tar-
get used, kind of and processing of photo-
sensitive emulsion, whether. filter is to be
used, and magnification at which resolving
power target images are read. For reading
resolution, a magnification of the lowest
power which permits convenient viewing will
yield the highest resolution readings. (The
rule based on Selwyn’s experiments 20 that

»E W. Selwyn, National B of Standards C528, 219,
1984 and Photographic Journal 38B, 48, 1948. '
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the numerical value of the magnification
should equal the number of lines per milli-
meter expected to be resolved can be con-

‘sidered a rule of thumb.)

5.1.2.12.1 Photographic resolving power.
When conducting photographic resolving
power tests by r.ethods 11 and 12, the photo- -
sensitive material and processing should be
in accordance v ith table II.

5.1.2.12.1.1 M. thod 11 — Collimator mewh-
od.21 For lenses primarily intended for use
on distant obje ts, such as types I, II. IIJ,
and V, this me hod should he used. The re-
solving power ! irget is placed at the princi-
pal focus of a collimator and illuminated
with white light. A filter of a specified color
may be used and it shall be placed between
the light source and the target. It is recom-
mended that, in order to eliminate vibration
effects, a flash discharge lamp be used as the
light source and that the light from it be
filtered if necessary to approximate white
light. (See 5.1.14.) Exposure can be con-
trolled by means of neutral density filters
between the light source and the target. The
lens to be tested shall be placed in the colli-
mated beam from the target and a test plate
or film made in a series of focal settings as
described in 5.1.2.1. Unless otherwise speci-
fied, the lens shall be set at the specified
maximum relative aperture. With the test
plate perpendicular to the optical axis of the
lens, exposure shal' be made of the test tar-
get at the spe:ified angular distance from
the axis out to and including the multiple

~of the specified angle falling nearest the

corner of the plate inside the picture format.
The specified angle should be multiples of
11, degrees and should be syaced to provide
5 increments or more in the semi-field of the
lens. The exposure time shall be the same
for all angular settings and shall be the

31 In method 11, if the resolving power la messured by
tioning from the lines per millimeter of the target, EFL of
collimator, and EFL of the test lens. the valua should be

rected by muitiplying radial lines by the cosine of the field
and tangential lines by the cos’ of the fisld angle.

fgv
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Tanrre II
Lens type o Photosensitive . ' ASA Developmant
material Expossre Index gnn-)
T
(70-mm.. format Panchromatic: aerisl 10 20 = 010
& smaller):
(5-ineh format . Panchromatis sarial’ BO L6 = @10
&
(70-mm. format’ Pinehromatic asrial - 10 80 = 0.10
& smaller): ,
(S-inch format: Fanchrometic asrial X 80 1.5 = 610
& larger) '
X Panchromatio serial 5o 08 + 010
v Panchromatic mieroillm. = | .. Maximnm: contras®
v . Panshromatic: (motion picture) 50-80 _ 08 + 0310
> Panehromatie- (portrait), 100 0.6 = 0.10
X1 Panchromatic mieroflmm @ | ... Maximum contrast:
xm Panchromstie mierofilm: = | ... Maximum contrass.
B xmw Blue: sensitive- recording- revans 1.5 = 010

exposure. time: which. gives the highest re-
solving power’ at. the angular setting nearest:
the angle equal to one-half’ the half angle
of view. The: different angular settings: may
be obtained by moving the lens.and test plate
about an axis near the entrance pupil or by
moving the collimators, or by means of a
series of collimators: placed: in. the correct

angular positions. The lens may be tested

 with dr without the fiiter provided with it,
as required.

5.3.212.1.2 Method 12 — Target range
methed. For lensss primarily intended for
use at finite distances, such as types I'V, XTI,
and XIITI, this method should’ be used. Also,
it may be used, when specified, {or testing
other types of lenses. Properly illuminated
high contrast resclving power fargeta aball
be placed in the object space in & plane per-
pendicular to the optical axis of the lens to
be tested and spaced at the required angular
distances. The distance from the lens to the
plane of the targets shall be designated.
When this method is used for testing lenses
at infinity focus, either formuls (12) in
5.1.1.8 may be used to determine the proper
distance, or some designated distance may
be used. The test plate shall be adjusted per-

pendicular to the optical:axis of the lens:and:
exposed for maximum resolution at the tar-
get nearest the angle equal to; ane-half the:
half angle of view of the lens being tested
and shall be moved: in: a series of foeal set-
tings as described in 5.1.2.1. The sensitized
material, processing, etc., shall be in: accord-
ance with table II.

5.1.212.2 Meothod 13 — Visnal resolving
power. When visual resolving power meas-
urements: are required (such as type X
lenses), they will be made exactly like the
photographic: resolving power tests, except
that the aerial image, when it is real and
easily awvailable, will be observed wvisnally

‘under magnification. Method 11 oz 12 in

5.1.2.12.1 will be used as specified, depend-
ing on the use of the lens. When the image
formed by a viewfinder: (type X lens) is &
virtual image, a telescope stopped dewn to
5 millimeters.and placed at the eye position
will be used to. cbserve the image. In this
case, the resolution shall be determined in
terms of a specified test chart at a speci-
fied distance. In all cases where the image
is formed on a ground glass, the ground glass
shall be reraoved to observe the aerial image,
and the image shall be observed on a plane.

®




addition of this stc ) enables one to measure
prism angle. When measuring distortion at
finite distances the plane of the targets must
be parallel to the test plate. Mathematical
means for adjusting the measurements may
be used to eliminate error from this source.
If the distortion is to be measured for an
object at a finite distance, the targets shall
be set up at the required distance as speci-
fied. The test procedure is the same as for
the object at infinity, except that the distor-
tion is determined on the basis of paraxial
or calibrated magnification.

5.1.2.16.2 Method 26 — Collimator bank
method. This method is intended for use with
lenses mounted either in cameras or in test
barrels. Method 26 is similar to method 25,
except that a bank of collimators containing
targets shall be used instead of a target
range. oo

5.1.2.16.3 Method 27 — Single coliimator
photographic method. In some cases where
high precision is not required, a single col-
limator may be used in conjunction with a
test plate as in method 26. In this method,
either the collimator or the lens and the teat
plate shall be rotated through the required
field angles about the center of the entrance
pupil of the lens.

51.2.16.4 Method 28 — Nodal slide meth-
od. This is a visual test method and may be
used, when specified, for lenses mounted in
barrels. The lens to be tested shall be prop-
erly placed on the nodal slide of an optical
test bench and centered so that its optical
axis is nearly coincident with the axis of the
microscope. Distortion for a particular angle

" shall be measured by the lateral displacement

of the observing microscope required to cen-
ter the target at each angular setting. At
each angle 8, the microscope shall be dis-
placed along its horizontal axis by the dis-
tance f(1-cos B8) /cos B away from the lens.
This refocusing is not necessary if a flat field
bar is used. To obtain the value of distortion,

130A
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the lateral distance through which the micro-
scope shall be displaced must be divided by
the cosine of the angle at which the distortion
is being measured. Because of inaccuracies
present in most optical benches, it is desir-
able to make each measurement at the same
indicated angle on each side of the axis and
to average the two microscope readings ob-
tained before computing distortion.

5.1.2.16.5 Method 29 — Gontometer meth-
od. This is a visual method intended for use
with lenses mounted in cameras. An accu-
rately calibrated test object on glass, usual-
ly in the form of a scale or grid, shall be
placed in the plane of best definition of the
lens to be tested and illuminated in a direc-
tion toward the lens to be tested. This test
object must be flat, properly centered, and
perpendicular to the optical axis. The lens
and illuminated test object shall be placed in
the goniometer so that the axis about which
the angles are measured passes through the
center of the entrance pupil of the lens. The
telescope of the goniometer shall be pointed
at successive points on the test object and
the field angles determined. (The telescope
shall not be refocused during the run of
measurements.) From the focal length of
the lens being tested and the calibration of
the test object, the angles subtended by the
various points on the test object can be
computed. Distortion then can be computed
in terms of the difference in angles on the
object side and image side; this distortion
in turn can be converted into the standard
form. (See 5.1.2.3.) By adjusting the focus
of the telescope, this method can be ex-
panded to include some cases in which the
test object.is in a plane corresponding to
some finite magnification. Care should be
exercised to insure that the cone of light
from tl.e test lens is included in the entrance
pupil of the telescope.

5.1.2.16.6 Method 30 — Projection meth-
od. This method is intended primarily for
testing projection lenses. A test object simi-
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lar to the onie us:d in method 29 shall be
placed in the object plane of the lens to be
tested and projected onto a suitable screen.
Measurements shall be made of the projected
image of the test object. The distortion shall
be computed in terms of the tes: object. Care
should be taken to insure that t} e sereen and
test object are perpendicular t. the optical
axis of the lens and that the tst object is
flat and properly centered. The cone of light
‘wom the projection lamp shall completely
1l the projection lens, and tre test object
shail be uniformly illuminated The sign of
distortion is reversed from theory on pro-
jection through a lens and measured a- the

long conjugate.

5.1.2.16.7 Tangential distortion. Any of the
six methods for measuring radial distortion
may be modified to measure tangential dis-
tortion by considering the displacement of

image points perpendicular to & radius from

the center of the field. The magnitude of
tangential distortion varies from zero along
one diameter to 3 maximum along an orien-
tation 90 degrees to the diameter of zero
distortion. Therefore, when required, tan-
gential distortion shall be measured for two
axial orientations c¢f the lens, and the orien-
tation £ or maximum tangential distortion
computed. .

5.1.2.17 Prism effect. To measure the
prism effect in terms of a thin equivalent
prisin of vertex angle «, use is made of the
fact that oblique rays are deviated by the
prism more than, and in the same direction
as, the axial ray. An assumption is made
that the axial ray makes only a small angle
with the normal to the surface of the prism
(or the prism may be aasumed to be in the
minimum deviation for the axial ray). If the
camera under test is used to photograph
three collimators or distant targets, one

axial and the other two making angles +58

and —f8 with the axis, the distances from
the O degree image to the +S image a.pd
fromtheOdezreeimagetothe—,ﬂimgge
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are different in the presence of a prism
effect. This difference is measured on the
negative. Under the assumptions made, the
analytical expression for this difference is:

A = f{tan (ﬂ+¢)-—tln(ﬁ-—()
-—Ztlnc.]
(26)

where f is the equivalent focal length of the
lens, ¢ is the deviation of the ray making
B with the axis (within a close approxima-
tion the deviation is the same for +@ and
—p8), and ¢, = a/2 is the deviation of the
axial ray. Tables for A can be computed for
various values of f, 8, and a. The measured
and tubulated values of A are compared, and
the corresponding a is evaluated.

5.1.2.18 Spherical aberration.

5.1.2.18.1 Method 31 — Amnual ring or
Hartmann disk method. When spherical
aberration is specified in terms of change in
focal position for zones of different radii, a
Hartmann disk (a plate covering a front of
the lens with holes at the different zones)
or aperture cc i8isting of open annular rings
will be placed over the front of the lens and
properly centered. Either a photographic or
visual method of determining the difference
in focal positions for different zones may be
used. Various modifications of these meth-
ods and other methods may be employed,
such as a knife-edge test or interfe.ometric
method. When measuring spherical aberra-
tion for an object at infinity, the target
which is imaged by the test lens may be
placed in a collimator or a distance at least
25 times the focal length of the lens to ha
tested.

5.1.2.18.2 Method 32 — Stopped-aperture

method. When spherical aberration is speci- .

fied in terms of the difference between the
best focus at maximum aperture and at a
designated reduced aperture, a nodal slide
optical bench or an autocollimation method
may be used to determine the differeuce in
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